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Junior,  2. 

Hanet,  Lewis  Tustleb. — Elected  a 
Junior,  289. 

Hanna,  John  Venable. — Eleoted  a 
Member,  124. 

Hannaford.  Edmund  Phillips. — Death 
announced,  265. 

Habbt,  Isaac— Paper  by,  311. 

Harlow.  James  Hay  ward,  Jr. — Elected 
an  Associate  Member,  98. 

Harper,  Isaac  Onward.  — Elected  an 
AsHOCiate  Member,  148. 

Harrington,  Habbt  Garfield. — 
Elected  a  Junior,  2. 

Harris,  Stephen. — Elected  a  Mem- 
ber, 175. 


HARROD. 

Harbod,  Benjamin  M. —  Discussion 
by,  174. 

Harwood,  George  Alec. — Elected  an 
Associate  Member,  32. 

Hasskabl,  Joseph  Frederick. — 
Elected  an  Axsociate  Member,  98. 

Hastings,  Frank  Abnold.  -  Elected 
an  Associate  Member,  342. 

Haswell,  Chables  H.  —Correspon- 
dence by,  343. 

Hatt,  William  Kendrick.— Elected 
an  Associate  Member,  176. 

Hatton,  T.  Chalklbt. — Discussion 
by,  173. 

Haupt,  L.  M. — Correspondence  by, 
312;  Discussion  by,  174,  289. 

Hawlet,  William  Chauncet.— Elected 
a  Member,  342. 

Hazen,  Allbn.— Discussion  by,  98. 

Hazen,  William  Nelson.— Elected  an 
Associate  Member,  342. 

Hazlehubst,  Jambs  N.— Paper  by, 
265. 

Hayfobd,  John  F.— Correspondence 
by,  33. 

Hbald,  Edwabd  Cbeswbll. — Elected 
a  Junior,  289. 

Hebblbthwaitb,  F.  H. — Discussion 
by,  341. 

Henderson,  John  Thomas. — Elected 
an  Associate  Member,  264. 

Hennessey,  Chables  Fbancis  Asa. — 
Elected  an  Associate,  2. 

Herbert  Stewart  Library  Fund.— Re- 
ceipt of,  313. 

Hering,  Rudolph. — Discussion  by, 
174,  287,  2*9,  343;  Presides  at 
Meeting,  263,  311. 

Hildenbband,  Welhelm.  —  Corre- 
spondence by  174;  Discussion 
by,  125,  173,  311;  Elected  a  Mem- 
ber, 31. 

Hill,  Stirling  Bryant.— Elected  a 
Junior,  289. 

Htllman,  Chables  La  Fletcher. — 
Death  announced,  343. 

Hibst.  Arthur.  -Eleoted  an  Associate 
Member,  342. 

Hobby,  Abthub  Stanley.— Death  an- 
nounced, 265. 

Holbbook,  Elliot.— Eleoted  a  Mem- 
ber, 264. 

Holliday,  Alexander  Ribman.  — 
Elected  a  Junior,  289. 

Hone,  Frederic  de  Peysteb. — Elected 
an  Associate  Member,  32. 

Hobton.  Albert  Howard.— Elected  a 
Junior,  177. 

Hough,  Ulysses  B.— Elected  a  Mem- 
ber, 312. 


VIII 


HOWARD. 

Howabd,  John  Lewis.— Elected  a 
Member,  124. 

Howe,  H.  J.— Discussion  by,  31. 

Howe,  Milton  Grosvknob. —Death 
announced,  265. 

Howells,  Julius  Mebbiam. — Elected 
a  Member,  176. 

Hubbard,  Winfbed  Dean. — Elected 
an  Associate  Member,  312. 

Hughes,  Fbancis  Det.— Elected  an 
Associate  Member,  264. 

Hulse,  Shirley  Clarke.—  Elected  a 
Junior,  2b9. 

Hunt,  C.  B.— On  Committee  of  Ar- 
rangements for  Annual  Conven- 
tion, 100. 

Hunt, Charles  Wabben.*— Elected  Sec- 
retary. 33;  On  Board  of  Award  of 
John  Fritz  Medal,  346;  On  Com- 
mittee of  Arrangements  for  Annual 
Convention,  101;  On  Committee 
of  Arrangements  for  Annual 
Meeting,  345;  Paper  by,  170,  184. 

Hunt,  Bobebt  W.— On  Special  Com- 
mittee on  Standard  Rail  Sections, 
125. 

Hyde,  Charles  Oilman. — Elected  an 
Associate  Member,  124. 

Hyde,  William  Hebbebt.— Elected  an 
Associate  Member,  176. 

"Improvement  of  tbe  Black  Warrior, 
Warrior  and  Tombigbee  Rivers, 
in  Alabama,"  presented  and  dis- 
cussed, 263. 
*•  In  contract  work,  either  public  or 
private,  is  it  preferable  to  make 
separate  con  tracts  for  the  differ- 
ent branches  of  trades  involved, 
or    to   combine    all    under    one 
general  contract?"  discussed,  172. 
"  In  view  of  the  numerous  disasters 
caused    by     the    contracting    of 
channels,    or    the    damming    of 
small  streams,  should  non-navi- 
gable streams  be  under  the  con- 
trol   of    the     National    Govern- 
ment?" discussed,  174. 
Inoalls,  Owen   Love  joy.— Elected  a 

Member,  176. 
Iron  and  Steel.— Discharge  of  Special 
Committee  on  Analysis  of,  172,216. 
••  Is  it  possible  and  desirable  to  keep 
accounts  of  work  in  progress  in 
such  a  manner  as    to  ascertain 
unit  costs  on  each  class  of  work?" 
discussed,  173. 
•■  Is  it   Unprofessional  for  an  Engi- 
neer to  be  a  Patentee  ?"  presented 
and  discussed,  125. 


STEEL. 

"  Is  steel  susceptible  of  being  made 
as  permanent  a  building  material 
as  masonry  ?M  discussed,  173. 

Isaacs,  John  D.— On  Special  Commit- 
tee on  Standard  Rail  Sections,  125. 

Isthmian  Canal.  -  Motion  Relating  to 
Employment  of  Engineers  on,  30, 
55. 

Ives,  Abthub  Stanley. — Elected  a 
Member,  148. 

Jackson,  Roscoe  Bbadbuby. — Elected 
a  Junior,  342. 

Jackson,  William.— Elected  a  Di- 
rector, 30,  65;  On  Committee  on 
Engineering  Exhibit  for  Louis- 
iana Purchase  Exposition,  346. 

Jacomb-Hood,  John  Wykeham. — 
Elected  a  Member,  31. 

John  Fbitz  Medal. — Appointment  of 
Board  of  Award  of,  346;  Origin 
and  Rules  for  the  Award  of,  346. 

Johnson,  A.  L. — Discussion  bjr,  173. 

Johnson,  James  M.-On  Nominating 
Committte,  29,  54. 

Johnson,' John  Butleb.—  Death  an- 
nounced, 265. 

Johnson,  Thomas  H.— On  Committee 
on  Classification  and  Qualifica- 
tions for  Membership,  100. 

Kadono,  Chokubo. — Elected  a  Mem- 
ber, 2. 

Kaltenbach,  Henby  Julius. — Elected 
an  Associate,  176. 

Kjelbey,  Clifford  Stephen. — Resig- 
nation accepted,  3. 

Kendbick,  Julian  Way. — Elected  a 
Member,  288. 

Kennedy,  Jebemiah  Joseph. — Elected 
a  Member,  176. 

Kerr,  Luther  Yager.—  Elected  a 
Member,  176. 

Kimball,  Geobob  A.— On  Nominat- 
ing Committee,  29,  52. 

ELtmball,  Ralph  Charles. — Elected  a 
Junior,  '289. 

Klueoel,  Charles  Henby. — Elected  a 
Member,  288. 

Knap,  Joseph  M.— Elected  Treas- 
urer, 30,  65;  Nominated  as  Treas- 
urer, 292;  Presides  at  Meeting, 
97,  287. 

Knowlton,  Theodore  Ely.  — Elected 
an  Associate  Member,  148. 

Kuichltnq,  Emxl.— Discussion  by, 
175;  On  Committee  on  Engi- 
neering Exhibit  for  Louisiana 
Purchase  Exposition,  346;  Pre- 
sides at  Meeting,  31,  125,  175. 
289,  312,  343. 


IX 


KUMMEB. 

Kummeb,  F.  A. — Awarded  the  Colling- 

wood  Prize,  3,  29,  55. 
Kutz,  Charles  Willaueb.— Eleoted  a 

Member,  148. 

La  Chicotte,  H.  A. — Discussion  by, 
125. 

Lane,  Edwin  Grant.— Elected  an  As- 
sociate Member,  2. 

Lane,  Frederick  Eugene.—  Elected 
an  Associate.  Member,  288. 

Lansing,  Edward  Ten  Etck.— Elected 
a  Member,  264. 

Lassio,  Mobitz. — Death  announced. 
32. 

Latrobe,  Charles  Hazlehurst. — 
Death  announced,  289. 

Lawton,  Walter  Luman. — Elected  an 
Associate  Member,  98. 

Layng  Frank  Rahn  Shu  nx.— Elected 
a  Junior,  124. 

Lb  Baron,  J.  Francis. —Paper  by, 
312. 

Lee,  George  William.— Elected  a 
Junior,  99. 

Lewis,  Clarence  McKknzte. — Elected 
an  Associate  Member,  342. 

Lewis.  E.  C. — Nominated  as  Director, 
292. 

Lewis,  Nelson  P.— Discussion  by, 
265;  Presides  at  Meeting, 
32. 

Library.— Accessions  to  the.  23,  80, 
104,  128,  151,  224,  267,  294,  315, 
348. 

Liebmann,  Alfred. —Elected  an  Asso- 
ciate, 176. 

Lilly,  George  Washington.— Eleo ted 
an  Associate  Member  124. 

Lincoln,  William  Shattuck.—  Death 
announced,  177. 

Lindset,  Kieffer.— Elected  a  Junior, 
289. 

"  Line  and  Surface  for  Railway 
Curves."  presented  and  discussed, 
123. 

Livermore,  Norman  Banks. — Elected 
an  Associate  Member,  288. 

LocKwooD.  Willard  D. — Correspond- 
ence by,  33. 

Louisiana  Purchase  Exposition. — 
Appointment  of  Committee  on 
Engineering  Exhibit  for  the, 
346;  Resolution  relating  to  the 
Engineering  Exhibit  for  the,  31, 
65. 

Lowe,  Houston. — Elected  an  Asso- 
ciate. 176. 

Luster,  William  Henry,  Jr.— Elected 
a  Member,  124. 


LYNCH. 

Lynch,  Francis  Joseph. — Elected  a 
Junior,  342. 

MaoCrea,  Don  Alexander.— Eleoted 
an  Associate  Member,  288. 

Macfarland,  H.  B.  F.  —Address  by, 
169,  179. 

Mackenzie,  Alexander. — On  Com- 
mittee of  Arrangements  for  An- 
nual Convention,  100. 

Madden,  John  Henry— Elected  a 
Junior,  289. 

•'  Maintenance  of  Asphalt  Streets, 
The/'  presented  and  discussed, 
265. 

Mann,  John  Laroy. — Elected  an  As- 
sociate* 148. 

Mansfield,  Royal  John. — Elected  a 
Junior.  342. 

Manson,  Marsden.— Paper  by,  123. 

Marshall,  William  Louis. — Resigna- 
tion accepted,  3. 

Mather,  Thomas  Hoggan. — Eleoted  a 
Member,  288. 

Mattair,  Lewis  Henry.— Eleoted  an 
Associate  Member,  288. 

Matches,  G.  H. — Correspondence  by, 
33. 

Maximoff,  8.—  Discussion  by,  341. 

Maxwell,  George  H. — Discussion  by, 
174. 

Mayer,  Joseph.— Paper  by,  125. 

McCalla,  R.  C— Paper  by,  263. 

McComb,  D.  E.— Address  by,  171;  On 
Committee  of  Arrangements  for 
Annual  Convention,  100. 

McCullooh,  Robert  Austen. — Elected 
a  Junior,  265. 

McDargh,  Harry  John. — Eleoted  an 
Associate  Member,  124. 

McDonald,  Harry  Peaks,  Jr. — 
Elected  a  Junior,  289. 

McDonald,  Hunter.— Nominated  as 
Director,  292. 

McDonald,  William  Naylor. — 
Elected  a  Member,  264. 

McGilvray.  Thomas  Forrester. — 
Elected  an  Associate  Member,  32. 

McGrbw,  Anson  Burlingame. — 
Elected  a  Member,  176. 

McKean,  Reginald.— Death  an- 
nounced, 149. 

MoMinn,  T.  J— Act*  as  Secretary, 
263,  265,  287. 

Mead,  El  wood. — Discussion  by,  174; 
Nominated  as  Director,  292. 

Measurement. — Discharge  of  Special 
Committee  on  Units  of,  172,  215. 

Melick,  Neal  Albert.  —  Elected  a 
Junior,  342. 


MELVILLE. 


MORISON. 


Melville,  Geoboe  W.— Address  by, 
169,  181;  On  Committee  of  Ar- 
rangements for  Annual  Conven- 
tion, 100. 
Membership. — Additions,  25,  83,  106, 
134,  156,  233,  269,  296,  322,  352; 
Changes  of  Address,  107,  135, 
157,  236,  270,  297,  324;  Deaths, 
26,  85,  138,  160,  241,  272,  30U,  328, 
353;  .Resignations,  26,  85,  300; 
Committee  on  Classification  and 
Qualifications,  100,  172,  197,  201. 
Mem  dell,     Geoboe    Henby.— Death 

announced,  312. 
Mbnocal,  A.  G.  —Correspondence  by, 

98. 
Milleb,  Alexander  M. — Address  by, 
171;     Discussion    by,    174;     On 
Committee  of  Arrangements  for 
Annual  Convention,  100. 
Milleb,  Stanley  Alfred. — Elected  a 

Junior,  32. 
Mills,    Jambs  Ellison. — Death    an- 
nounced, 149. 
Milne,    Peteb. — Death    announced. 

265. 
Minutes  of  Annual  Meeting,  27,  34. 
Minutes  of  the  Meetings  of  the  Board 
of  Direction,  3,  33,  100, 125,  149. 
178,  290,  313,  344. 
Minutes  of  the  Meetings  of  the  So- 
ciety,   1,  31,  32,  97,  99,  123,  125, 
147, 169,  171,  172,  174,  175,  263, 
265,  287,  289,  311,  312.  341. 
Mitchell,      Charles      Hamilton.— 
Elected   an    Associate    Member, 
176. 
Mitchell,  Henby.  — Death  ann  oun  ced , 

343. 
Moisseut,  L.  S.— Discussion  by,  125. 
Montfobt,      Richard.— On     Special 
Committee  on  Standard  Bail  Sec- 
tions, 125. 
Monthly  List  of  Recent  Engineering 
Articles  of  Interest,   19,  86,  110, 
139,  161,  242,  273,  301,  329,  355. 
Montony,      L.      G.  -  Awarded      the 
Thomas  Fitch  Rowland  Prize,  3, 
29,  55. 
Moobe,  Charles.— Address  by,  171. 
Moore,       Charles       Gillinoham. — 
Elected  an  Associate  Member,  99. 
Moobe,    Robebt.—  Address    by,    170, 
184;    Elected  President,    30,  65; 
On  Board  of  Award  of  John  Fritz 
Medal,   346;    On  Committee    on 
Engineering  Exhibit  for  Louis- 
iana Purchase    Exposition,   346; 
Presides  at  Meeting,  170, 171, 172, 
174,  188. 


Mobison,  Geoboe  S.— Discussion  by. 
98;  Paper  by,  97. 

Mobphy,  Luis  Gonzag a.— Elected  a 
Junior,  32. 

Morse,  W.  F.— Discussion  by,  343. 

Mott,  William  Elton. — Elected  an 
Associate  Member,  99. 

Munboe,  Hersey.— Elected  an  Asso- 
ciate Member,  99. 

Myebs,  E.  T.  D.,  Jr. — Discussion  by, 
173. 

Neheb,  Clarence  Rufus. — Elected  a 
Member,  176. 

Newell,  F.  H.— Discussion  by,  174. 

Newton,  Ralph  Eells.— Elected  an 
Associate  Member,  2. 

Nichols,  Henby  Francis.  —  Elected  an 
Associate  Member,  288. 

"Ninety-Sixth  Street  Power  Station 
of  the  Metropolitan  Street  Rail- 
way Company  of  New  York  City, 
The,"  awarded  the  Thomas  Fitch 
Rowland  Prize,  3,  29,  55. 

Noble,  Alfred.— Discussion  by,  312; 
Nominated  as  President,  292; 
On  Board  of  Award  of  John  Fritz 
Medal,346;  Presides  at  Meeting, »9. 

Noble,  Frederick  Charles.  -Elected 
an  Associate  Member,  176. 

Noble,  Thbbon  A.  —Paper  by,  287. 

Noble,  Waltbb  Edwin. — Elected  an 
Associate  Member,  124. 

Nominations,  Committee  on. — Elec- 
tion of,  29,  51;  Presents  List  of 
Nominees,  288.  292. 

Nobbis,  Robebt  Van  Absdale. — Elect- 
ed a  Member,  98. 

Nobth,  Edward  P. — Discussion  by, 
98,  263,  312. 

Noska,  George  Albert. —Elected  an 
Associate  Member,  264. 

Ockebbon,  J.  A.— Discussion  by,  174; 
Presides  at  Meeting,  265;  Resolu- 
tion by,   31,  65. 

Oldbebg,  Charles  Real. — Elected  an 
Associate  Member,  148. 

O'Rourke,  John  F. — Discussion  by, 
173. 

Obb,  Alexandeb. —Elected  an  Associ- 
ate Member,  32. 

Ortiz,  Eduabdo. — Elected  a  Junior, 
312. 

08BOBN,  Frank  C— Presides  at  Meet- 
ing, 147. 

Osboubn,  Henby  Van  Buben.— Elect- 
ed an  Associate  Member,  264. 

Osgood,  Joseph  O.—  Nominated  as 
Director,  292. 


XI 

O'SHAUGHNESSY.  PROUT. 

O'Shaughnbbsy.  Michael  Maubioe. —  Pbout,    H.    Q.— On   Committee    on 

Elected  a  Member,  176.  Classification   and  Qualifications 

Owen,   James. — Discussion    by,    123,  for  Membership,  100;  On  Special 

125,   173;    Presides  at   Meeting,  Committee  on  Standard  Rail  Sec- 

123.  tions,  125. 

Pabaschos,    Geobge    Theophanss. —  Quanz,  Rudolph. —Elected  a  Junior, 

Elected  a  Junior,  312.  265. 
Pabkkb,    Righabd    Denny.—  Eleoted 

a  Junior,  177.  Rage,    John    Mabbls.— Elected    an 

Pabsoks,   AbchibaijD   Livingstone. —  Associate  Member,  99. 

Elected   an    Associate    Member,  '  Rail  Sections,  Special  Committee  on. 

148.  —Appointment  of,  125;  Ballot  on 

Pabsoks.  H.  de  B. — Correspondence  Appointment  of,  2.  30,  55. 

by,  175;  Discussion  by,  343.  Ramsey,    Edmund    Payton. — Elected 

Pabbonb,  William  B. — Discussion  by,  an  Associate  Member,  288. 

147.  Randolph,    B.    S.  —  Correspondence 

Pasohke,  Thbodobe.— Discussion  by,  by,  341. 

98.  Rasteb,  Walthbb. — Elected  a  Junior, 

Peck,  John  Gates. — Elected  an  Asso-  32. 

date  Member,  264.  Rat,    David     Heydobn.— Elected    a 

Pegbam,  Geoboe  H  — Discussion  by,  Junior,  289. 

175;  Elected  a  Director,  30,  65;  On  Raynob,  Clabengb  Websteb.— Elect- 
Committee  of  Arrangements    for  ed  a  Junior,  32. 

Annual  Convention,  101.  Reed,  W.  Boabdman. — Discussion  by, 

Pemofp,  Joel  Jux. — Elected  an  Asso-  265. 

ciate  Member,  312.  Reinholdt,    Kenneth    Oaxe    Plum- 

•*  Pennsylvania  Avenue  8ub way  and  meb.  —  Death  announced,  33. 

Tunnel,  Philadelphia,  Pa.,  The/'  Report  of  Committee  on  Classification 

presented  and  discussed,  147.  and  Qualifications    for  Member- 

Pebxin8,  Edmund  Taylob. — Elected  a  ship,   172,   197;    Discussion    on, 

Member,  342.  201. 

Pettee,   Eugene    Evbbbtt. — Elected  Report  of   Committee    on  Proposed 

an  Associate  Member.  264.  Amendment  to  the  Constitution, 

Phabb,   H.    N. — Correspondence  by,  28,  35. 

98.  Report  of  Committee  on  Regulating 

Pinohot,  Gifpobd. —Elected  an  Asso-  .        Practice    of    Engineering,     172, 

ciate,  99.  188. 

Pitts,   Thomas  Dobsey.— Elected  an  Report   of   Committee    on   Uniform 

Associate  Member,  176.  Tests  of  Cement,  29,  50. 

Pollock,  Clabenoe  Du  Bois. — Elected  Report  of  Tellers  on  Vote  for  Officers, 

an  Associate  Member,  2.  30,  64. 

Powell,  Ambbose  V. — On  Nominating  Report  of  the  Board  of  Direction,  5. 

Committee,  29,  63.  Report  of  the  Secretary,  16. 

Prizes,    Committee    to    Recommend  Report  of  the  Treasurer,  18. 

the  Award  of. — Appointment  of,  Resolution  Relating  to  the  Engineer - 

290;  Report  of,  3.  ing  Exhibit    for    the    Louisiana 

Pbogtob,   Ralph    Fennu. —Elected  a  Purchase  Exposition,  31.  65. 

Junior,  177.  Resolution  Relative  to  Suitable  Com- 

••  Proposed  Method  for  the  Preserva-  memoration  of  Visit  of  Society  at 

tion    of    Timber,"   awarded   the  Mount  Vernon,  175. 

Collingwood        Prize,      3,       29,  Resolutions  of  Thanks  at  Annual  Con- 

65.  vention,  175. 

••  Proposed  New  Type    of    Masonry  Rhett,   Edmund  Moobe. — Elected    a 

Dam,    A,"    presented    and     dis-  Junior,  312. 

cussed,  175.  Richabds,    Joseph    T.— On    Special 

"Protection    and    Improvement    of  Committee  on  Standard  Rail  Sec- 

Fore»hores  by  the  Utilization  of  tions,  125. 

Tidal    and  Wave  Action,   The,"  Richabdson,  Clinton Leboy. — Elected 

presented  and  discussed,  289.  a  Junior,  265. 


XII 


BICKEY. 

Rickey,  James  Walter. — Elected  an 

Associate  Member,  264. 
Rieoleb,    Louis   John. —Elected   an 

Associate  Member.  264. 
Rights,  Lewis   Daniel. — Elected  an 

Associate  Member,  99. 
Rxplei,  T.  M. — Discussion  by,  174. 
Roberts,  Geobge   Thomas. —Elected 

an  Associate  Member,  264. 
Roberts,  Perotval,  Jr.— On  Special 

Committee  on  Standard  Rail  Sec- 
tions, 125. 
Robertson,  Marshall  Pope. — Elected 

an  Associate  Member,  99. 
Robinson,   Arthur    W. — Resignation 

accepted,  33. 
Rommel,  George.  Jr. — Elected  an  As- 
sociate Member,  99. 
Roseorans,   Edwin  John. —Elected  a 

Member,  148. 
Roes,    Thomas    Alexander. — Elected 

an  Associate  Member,  342. 
Rowland  Prize. — Award  of,  3,  29,  55. 
Ruggleb,    Charles   Arneb. — Elected 

an  Associate  Member,  176. 
Ruple,   Commodore  Perrt. — Elected 

a  Member.  98. 
Russell,      Nathaniel      Edwards. — 

Death  announced,  32. 
Russell,  S.  Bent. — Discussion  by,  173. 

Sabin,  Louis  Carlton. — Correspond- 
ence by,  33.;  Elected  a  Member,  148. 

Sabin,  Ralph  Harvey.— Elected  a 
Junior,  289. 

Sabine,  Edward  Dana.— Elected  an 
Associate  Member,  32. 

Sanborn,  Frank  Berry. — Elected  a 
Member,  288. 

Sanders,  Francis  Nicoll.— Elected 
an  Associate  Member,  264. 

"Sanitary  Disposal  of  Municipal 
Refuse,  The,"  Informal  Discus- 
sion on,  343.  - 

Saph,  A.  V.— Correspondence  by,  287. 

Scammell,  John  Kimball. — Elected 
an  Associate  Member,  176. 

Schall,  Frederick  Edward. — Elected 
a  Member,  288. 

Schenk,  Carl  Louis  Eduard.— 
Elected  an  Associate  Member,  288. 

Schneider,  Charles  C— Elected  Vice- 
President,  30,  65;  Presides  at 
Meeting.  31. 

Schneider,  Herman. — Elected  an  As- 
sociate Member,  124. 

Schoder,  Ernest  W.— Correspondence 
by,  287. 

Schumann,  Carl  Julius.— Elected  a 
Junior,  342. 


SCHUYLER. 

Schuyler,  James  D. — Nominated  as 
Vice-President,  292;  On  Commit- 
tee to  Report  Proposed  Amend- 
ment to  the  Constitution  relating 
to  the  Manner  of  Election  of 
Members,  100. 

Seaman,  Henry  B.— Appointed  to 
Represent  the  Society  at  Inaugu- 
ration of  President  of  Swarthmore 
College,  313. 

Seaton,  William,  Jr.— Elected  an  As- 
sociate Member.  176. 

Secretary,  Report  of  the,  16. 

Sergeant,  George,  Jr.— Elected  a 
Member,  124. 

Shaleb,  Ira  Alexander. — Death  an- 
nounced, 265. 

Shenehon,  Francis  Clinton.— Elected 
a  Member,  148, 

Short,  William  Ambrose  Dudley. — 
Elected  an  Associate  Member, 
32. 

"  Should  Engineering  Practice  be 
regulated  by  a  code  of  ethics?  If 
so,  how  can  such  a  code  be  estab- 
lished? "  discussed,  174. 

'•  Should  the  National  Government 
undertake  the  construction  and 
operation  of  irrigation  works?  " 
discussed,  174. 

Sebert,  W.  L. — Correspondence  by, 
263. 

Simson,  David.— Elected  a  Member,  2. 

Slayton,  Charles  Albert. — Elected 
an  Associate  Member,  124. 

Smith,  Augustus. — Elected  a  Mem- 
ber, 176. 

Smith,  Oberlin. — Discussion  by,  173. 

Smith,  William  Fitch. — Appointed 
Teller  to  Canvass  Vote  on  Pro- 
posed Amendment  to  Constitu- 
tion, 97. 

Smith,  William  Stuart. —Elected  an 
Associate  Member,  2. 

Snow,  William  Pliny. — Elected  a 
Member,  31. 

Snyder,  Charles  Herman.— Elected  a 
Junior,  289. 

**  Some  Devices  for  Increasing  the 
Accuracy  or  Rapidity  of  Survey- 
ing Operations/'  presented  and 
discussed,  33. 

"  Some  Important  Phases  of  Canal 
Navigation,  Illustrated  by  Re- 
cent Experiments  in  Germany," 
read,  1. 

Sopeb,  George  A.— Discussion  by,  1, 
174. 

Spofford,  Charles  Milton. — Elected 
an  Associate  Member,  176. 
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STANDARD  RAIL. 

Standard  Kail  Sections,  Special  Com- 
mittee on. — Appointment  of,  125; 
Ballot  on  Appointment  of,  2,  30, 
55. 

Stanton,  R.  B.—  Discussion  by,  33. 

Stearns,  F.  P.— Discussion  by,  97. 

Steabns,  Fbed  Lincoln. — Elected  an 
Associate,  176. 

Steffenb,  William  Fbedbbxgk. — 
Elected    an    Associate    Member, 

2m. 

Stern,  E.  W.— Discussion  by,  173. 
Stevens,  Pbbley  Egbebt. --Elected  an 

Associate  Member,  124. 
"  Stin&ning    System    of    Long-Span 

Suspension  Bridges  for  Railway 

TrainB,The, "  read  and  discussed, 

125. 
Stoudeb,  John  Bukton.— Elected  an 

Associate,  14b. 
Stout,  Edmund  C. — Resignation  ac- 
cepted, 33. 
Stbatton,  Geobge  Ebeb.— Elected  an 

Associate  Member,  2. 
Sublette,     Geobge     Washington. — 

Elected  a  Member,  288. 
Sundstbom,    C.    A.  —Correspondence 

by,  33,  98. 
14 Supporting  Power  of  Piles,  The," 

read  and  discussed,  31. 

SUTEBMEISTEB,        ARNOLD        HeNBT. — 

Elected  a  Member,  176. 
Swain,   George    F. — Discussion    by, 

173. 
Sweet,  Elnathan. — Paper  by,  1. 
Swinbubne,  Geobge  Way,  J  r .  — Elected 

a  Member,  148. 

Tabeb,  Geobge  A. — Discussion  by, 
33. 

Taet,  Habold. — Elected  an  Associate 
Member,  148. 

Taylor,  William  Pubyis.— Elected  a 
Junior,  289. 

Tellers.  —Appointed  to  Canvass  Ballot 
for  Election  of  Officers,  27,  34; 
Report  of— On  Election  of  Offi- 
cers, 30,  64;  Report  of— On  Pro- 
posed Amendment  to  Constitu- 
tion, 98. 

Temple,  Robebt  Henby. — Death  an- 
nounced, 177. 

Thaokbay,  Geobge  E. — On  Special 
Committee  on  Standard  Rail  Sec- 
tions, 125. 

"  Thermo-Electrio  Measurement  of 
Stress/'  presented,  99. 

Thompson,  Abthub  Websteb. — 
Elected  an  Associate  Member, 
176. 


THOMPSON. 

Thompson,  Fbed. — Elected  a  Member, 

288. 
Thompson,  S.  C—  Discussion  by,  266. 
Thomson,  E.  B. — Discussion  by,  289. 
Thobnley,  Julian.  —Appointed  Teller 

to    Canvass   Vote    on    Proposed 

Amendment  to  Constitution,  97. 
Ttlden,  Chableb  Joseph. — Elected  an 

Associate  Member,  32. 
Tillbon,  George  W.— Discussion  by, 

123. 
Ttttmann,  Otto  Hiloabd.  -Elected  a 

Member,  176. 
Toenbfeldt,   Hans   Cabl  Thomab. — 

Elected  a  Junior,  124. 

ToLLINGEB,        EDWABD       ChANDLEB. — 

Elected  a  Member,  176. 
Tompkins,  Edwabd  De  Voe. — Elected 

an  Associate  Member,  342. 
Tea  yell,  Wabben  Bertram. — Elected 

an  Associate  Member,  99. 
Treasurer.— Report  of  the,  18. 
Trout,  Chableb  Eltphalbt.—  Elected 

an  Associate  Member,  2. 
True,    Albert    Lyman. — Elected    a 

Junior,  265. 

TUBNEACBE,   FREDERICK   EUGENE. — 

Elected  an  Associate  Member,  176. 

Tubneb,  C.  A.  P.— Paper  by,  99. 

Turner,  Edmund  K.— On  Special 
Committee  on  Standard  Rail  Sec- 
tions, 125. 

Tutwileb,  Thomas  Henby. — Elected 
a  Member,  176. 

Tyrrell,  Wabben  Ayres.— Elected  an 
Associate  Member,  288. 

Ullmann,  John  Geobge. — Elected  a 

Junior,  124. 
Units  of  Measurement.— Discharge  of 

Special  Committee  on,  172,  215. 

Van  Hoesen,  Edmund  F. — Elected  a 
Direotor,  30,  65. 

Van  Hobne,  John  G.— On  Nominating 
Committee,  29. 

Van  Slootbn,  William. — Death  an- 
nounced, 32. 

•'Virtual  Grades  for  Freight  Trains," 
presented  and  discussed,  341 . 

yon  Sohon,  Hans  August  Evald  Con- 
bad.— Elected  a  Member,  264,  290. 

Vbooman,  Morrkll.  —Elected  an  Asso- 
ciate Member,  148. 

Waohteb,  Charles  Lucas.— Elected  a 
Junior,  177. 

Wagneb,  Samuel  Tobias. — On  Nomi- 
nating Committee,  29,  53;  Paper 
by,  147. 
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WALKER. 

Walker,  Joseph  Jeanes.— Elected  an 
Associate  Member.  312. 

Wallace,  John  F.— Correspondence 
by,  30,  55;  On  Committee  on  En- 
gineering Exhibit  for  Louisiana 
Purchase  Exposition,  346. 

Wabner,  Geobge  Littleton.— Elected 
a  Junior,  124. 

Watson,  Mebbill. — Elected  an  Asso- 
ciate, 289. 

Watt,  D.  A.— Correspondence  by,  263. 

Watt,  John  Mabshall  Gelkison. — 
Correspondence  by,  263;  Elected 
a  Member,  31. 

Wat,  Robert  Att well. —Death  an- 
nounced, 343. 

Weaves,  Frank  Maurice.— Elected  a 
Junior,  312. 

Webb,  Walter  Loring. — Paper  by,  33. 

Webster,  George  S.— Discussion  by, 
147;  Paper  by,  147. 

Wsbstbb,  William  R. — Discussion  by, 
173;  On  Special  Committee  on 
Standard  Bail  Sections,  125. 

Wegmann,  Edwabd.—  Discussion  by, 
175,  312. 

Wenige,  Arthur  Emtl.— Elected  a 
Junior,  148. 

Wentwobth,  Charles  C. — Discussion 
by,  173;  Paper  by,  123. 

West,  Charles  Hunter. — Eleoted  a 
Member,  288. 

Weston,  Robert  Spubb. — Elected  an 
Associate  Member,  32. 

Whtnebt,  Samuel.— Discussion  by, 
125,  173,  263,  265. 

Whttford,  Oscab  F. — Death  an- 
nounced, 265. 

Wbttson,  Abraham  Undebhtll. — 
Elected  a  Junior,  2. 

Whtttemore,  W.  F.— On  Committee 
of  Arrangements  for  Annual  Meet- 
ing, 345. 

Wickersham,  John  Houoh.  —Elected 
a  Junior,  148. 

Wickes,  Edwabd  Dana. — Elected  an 
Associate  Member,  342. 


WIEST. 

Wiest,  Julius  Christian.— Elected  a 
Member,  31. 

Wiggin,  Ernest  Woodbury.— Elected 
an  Associate  Member,  148. 

Wiggin,  Thomas  Hollis.— Elected  an 
Associate  Member,  124. 

Wllcock.  Frederick.  -Elected  a  Jun- 
ior, 2. 

Wiley.  W.  H. — Discussion  by,  1. 

WrLOUs,  William  J.— Elected  a  Di- 
rector,  3« »,  65. 

Williams,  Gabdneb  8.— Discussion 
by,  287;  On  Committee  on  Classi- 
fication and  Qualifications  for 
Membership,  100. 

Wills,  Abthub  John.— Eleoted  an 
Associate  Member,  148. 

Wilson,  H.  M.— On  Committee  of 
Arrangements  for  Annual  Con- 
vention, 100. 

Wilson,  Henry  Felix,  Jr.— Elected  an 
Associate  Member,  124. 

Wilson,  Joseph  M. — Correspondence 
by,  147;  Death  announced,  343. 

Wilson,  Percy  Hartshorns.— Eleoted 
an  Associate  Member,  32. 

Wilson,  William  Haskll.—  Death  an- 
nounced, 265. 

Winchester,  Philip  Harold. — 
Elected  a  Junior,  2. 

Wisneb,  Geobge  Y.— Correspondence 
by,  263. 

Woermann,  John  William. — Elected 
a  Member,  148. 

Wolp,  Julius  Hebman  Geobgx. — 
Elected  an  Associate  Member,  148. 

Woodbury,  John  McG.— Discussion 
by,  343. 

Wobthikgton,  Chables.— Discussion 
by,  173. 

Weight,  Moses  Hannibal. — Elected 
an  Associate  Member,  264. 

Young,  Boscoe  Cyprian. — Elected   a 

Member,  288. 
Yutlle,  Nat.  A.— Correspondence  bv, 

263. 
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MINUTES  OF  MEETINGS. 


OF  THE  SOCIETY. 


January  8th,  190 a.— The  meeting  was  called  to  order  at  8.40  p.  m., 
President  J.  James  B.  Croes  in  the  chair;  Charles  Warren  Hunt,  Secre- 
tary; and  present,  also,  66  members  and  7  guests. 

The  minutes  of  the  meetings  of  December  4th  and  18th,  1901,  were 
approved  as  printed  in  the  Proceedings  for  December,  1901. 

A  paper  by  Elnathan  Sweet,  M.  Am.  Soc.  C.  E.,  entitled  "Some 
Important  Phases  of  Canal  Navigation,  Illustrated  by  Eecent  Experi- 
ments in  Germany,"  was  presented  by  the  Secretary. 

There  being  no  discussion  on  the  paper,  the  President  called  upon 
Mr.  George  W.  Fuller  to  give  his  impressions  of  Mexico,  which  he  had 
recently  visited,  and  at  the  conclusion  of  Mr.  Fuller's  interesting  re- 
marks  Messrs.  W.  H.  Wiley  and  George  A.  Soper  supplemented  them 
by  statements  of  personal  experience  in  that  country. 


2  MINUTES  OF   MEETINGS.  [Society 

Ballots  were  canvassed  and   the   following   candidates  declared 

elected: 

As  Mbmbebs. 

William  Davis  Bakbkb,  Chicago,  111. 

Chokdbo  Kadono,  Tokyo,  Japan. 

David  Simson,  Buenos  Aires,  Argentine  Bepnblic. 

As  Associate  Members. 

Julian  Du  Bois,  Amsterdam,  N.  Y. 
Ebwabd  Baybd  Fat,  St.  Lonis,  Mo. 
John  Flynn,  Jr.,  Troy,  N.  Y. 
Edwin  Grant  Lane,  Cleveland,  Ohio. 
Ralph  Eells  Newton,  Milwaukee,  Wis. 
Clarence  Du  Bois  Pollock,  New  York  City. 
William  Stuart  Smith,  Rochester,  N.  Y. 
George  Ebeb  Stbatton,  Boston,  Mass. 
Charles  Elxphalet  Trout,  New  York  City. 

The  Secretary  announced  the  election  of  the  following  candidates 
by  the  Board  of  Direction  on  January  7th,  1902: 

As  Associates.  , 

TikhtiTe  J.  Bennett,  Buffalo,  N.  Y. 

Charles  Francis  Asa  Hennessey,  New  York  City. 

As  Juniors. 

Robert  Henry  Hammer,  Brooklyn,  N.  Y. 
Harry  Garfield  Harrington,  Newark,  N.  J. 
Abraham  Underbill  Whitson,  College  Point,  N.  Y. 
Frederick  Wilcocx,  Brooklyn,  N.  Y. 
Philip  Harold  Winchester,  Watertown,  N.  Y. 

The  Secretary  announced  the  death  of  Thomas  Crabb,  elected 
Junior  April  4th,  1899;  died  December  21st,  1901. 

The  Secretary  reported  that  the  ballot  on  the  appointment  of  a 
Special  Committee  on  Rail  Sections  had  been  canvassed  by  the  Board 
of  Direction,  at  its  meeting  on  January  7th,  1902,  with  the  following 
result: 

Total  ballots  received 1  098 

Without  signature 14 

Not  entitled  to  vote 10 

Otherwise  defective 18 

42 

Total  votes  counted 1  056 

Voted  "yes  " 1  °14 

Voted"no" ** 

1066 
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And,  inasmuch  as  the  corporate  membership  on  January  7th,  1902, 
was  2  122,  the  vote  complies  with  the  constitutional  provision,  and  the 
Committee  will  be  appointed  by  the  Board. 

Adjourned. 

OP  THE  BOARD  OF  DIRECTION. 

.    (Abstract.) 

January  7tb,  1902,  8.10  P.  M.— President  Croes  in  the  Chair; 
Charles  Warren  Hnnt,  Secretary;  and  present,  also,  Messrs.  Bensel, 
Briggs,  Buchholz,  Haines,  Hering,  Knap,  Kuichling,  Seaman  and 
Turner. 

A  payment  of  $5  000  on  the  principal  of  the  mortgage  indebtedness 
of  the  Society  was  ordered. 

The  Annual  Report  of  the  Board  of  Direction  for  the  year  ending 
December  31st,  1901,  was  adopted. 

Ballots  on  the  appointment  of  a  Special  Committee  to  report  on 
Standard  Bail  Sections  were  canvassed,  with  the  result  that  the  ballot 
was' decided  in  the  affirmative.* 

The  appointment  of  the  Special  Committee  was  made  a  special  order 
for  business  for  the  February  meeting  of  the  Board. 

The  following  resignations  were  accepted,  taking  effect  December 
31st,  1901. 

Malcolm  Scollay  Greenough,  William  Louis  Marshall,  Henry 
Thompson  Douglas,  Samuel  Hosmer  Chittenden,  Clifford  Stephen 
Kelsey. 

A  report  was  received  from  the  Committee  appointed  to  recommend 
the  award  of  prizes  for  the  year  ending  with  the  month  of  July,  1901, 
and  the  following  awards  were  made  by  the  Board: 

The  Thomas  Fitoh  Rowland  Prize  was  awarded  to  Paper  No.  881, 
entitled,  "  The  Ninety -sixth  Street  Power  Station  of  the  Metropolitan 
Street  Bail  way  Company,  of  New  York  City,"  by  L.  O.  Montony,  Assoc. 
M.  Am.  See.  C.  E. 

The  Colling  wood  Prize  for  Juniors  was  awarded  to  Paper  No.  883, 
entitled,  "A  Proposed  Method  for  the  Preservation  of  Timber,"  by  F. 
A.  Rummer,  Jun.  Am.  Soo.  C.  £. 

It  was  further  resolved  that  no  award  of  the  Norman  Medal  be  made 
for  the  year  ending  with  the  month  of  July,  1901. 

Applications  were  considered  and  other  routine  business  trans- 
acted. 

Two  candidates  for  Associate  and  five  for  Junior  were  elected.  * 

Adjourned. 

*  See  page  8. 
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ANNOUNCEMENTS. 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M. 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day  and 
Christmas  Day. 

MEETINGS. 


Wednesday,  February  5th,  190a. — 8.80  p.  m. — At  this  meeting 
ballots  for  membership  will  be  canvassed,  and  a  paper  by  Ernest  P. 
Goodrich,  Jnn.  Am.  Soo.  C.  E.,  entitled  "The  Supporting  Power  of 
Piles,"  will  be  presented  for  discussion. 

This  paper  was  printed  in  the  Proceedings  for  December,  1901. 

Wednesday,  February  19th,  190a. — 8.30  p.  m.— At  this  meeting  a 
paper  by  Walter  Lor  in  g  Webb,  Assoc.  M.  Am.  Soc.  C.  E.,  entitled 
"Some  Devices  for  Increasing  the  Accuracy  or  Rapidity  of  Surveying 
Operations,"  will  be  presented  for  discussion. 

This  paper  was  printed  in  the  Proceedings  for  December,  1901. 

Wednesday,  March  5th,  190J. — 8.30  p.m. — At  this  meeting  ballots 
for  membership  will  be  canvassed,  and  a  paper  by  George  S.  Morison, 
Past-President,  Am.  Soo.  G.  E.,  entitled  "The  Bohio  Dam,"  will  be 
presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings, 

Wednesday,  March  19th,  1902. — 8.30  p.  m. — At  this  meeting  a 
paper  by  0.  A.  P.  Turner,  M.  Am.  Soc.  C.  E.,  entitled  "Thermo- 
Electric  Measurement  of  Stress,"  will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

ANNUAL  CONVENTION  OF  1902. 

The  Thirty-fourth  Annual  Convention  of  the  Society  will  be  held  at 
Washington,  D.  G,  beginning  on  Tuesday,  May  20th,  1902. 
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ANNUAL  REPORT  OF  THE  BOARD  OF  DIRECTION  FOR  THE 
TEAR  ENDING  DECEMBER  31st,  1901. 

Presented  at  the  Annual  Mkbtdjo,  January  16th,  1902. 

The  Board  of  Direction,  in  compliance  with  the  Constitution  of  the 
Society,  presents  its  report  for  the  year  ending  December  31st,  1901. 
MEMBERSHIP. 

The  changes  in  membership  are  shown  in  the  following  table: 


1 1  Junior. 

The  net  increase  during  the  year,  as  shown  by  the  above  table,  was 
191,  and  it  may  be  of  interest  in  this  connection,  to  give  from  the 
records  the  yearly  rate  of  increase  in  the  total  membership. 

At  the  end  of  1869  the  total  membership  was  160,  and,  omitting  the 
class  of  "Subscribers,"  which  was  created  in  1882,  but  does  not 
exist  nnder  the  present  Constitution,  the  net  yearly  increase  has  been 
as  follows: 


Tear. 
1870.. 
1871 . . 

1872  . 


Increase.     Year. 


.   10 


Tear 

1890.. 
1891.. 


.111 


Y«r. 

1900. 
1901. 


1874  . 
1875.. 
1876.. 
1877.. 
1878.. 
1879.. 
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The  total  increase  in  the  ten  years  1870-9  was  441,  an  average  of  44.1 

"  "  1880-9    "    695      "  "      69.5 

"  "  "  1890-9    «*    903      "  "      90.3 

"    two  jean  1900-1     "    329      "  "    164.5 

It  will  be  noticed  that  up  to  1899  no  two  consecutive  jean  have 
shown  an  increase  of  100,  bnt  that  the  increase  for  each  of  the  past 
three  jean  has  been  more  than  100,  which  indicates  that  the  present 
rate  of  increase  is  not  a  spasmodic  one  dne  to  temporary  conditions. 

The  total  number  of  applications  received  during  the  year  was  375. 

Action  taken  by  the  Board  has  been  as  follows: 

Passed  to  ballot  as  Members 129 

Passed  to  ballot  as  Associate  Members 134 

Elected  Associates 13 

Elected  Juniors 66 

Total 342 

Applications  now  awaiting  action 78 

The  amount  of  work  demanded  in  connection  with  375  applications, 
in  addition  to  ordinary  correspondence,  is  very  great,  as  it  involves 
the  briefing  and  typewriting  of  2  500  copies  of  individual  records,  the 
forwarding  of  10  000  circulars  and  blanks,  and  the  collation  and  tabu- 
lation for  the  use  of  the  Board  of  2  000  answers  from  endorsers. 

Some  idea  of  the  volume  of  printed  matter  which  it  is  necessary  to 
issue,  under  the  rules,  may  be  gathered  from  the  following  figures  for 
1901,  and  it  should  be  remembered  that  all  of  this  must  be  prepared 
with  great  care  from  original  manuscript  applications,  which,  in  form, 
differ  greatly  from  one  another: 

No.  of 
Pages.  words. 

lOBlueLists 118  88  500 

10  Ballot  Lists 92  69  000 

Reconsideration  Notices 7  5  250 

Ballots 7  5  250 


Totalissues 224  168  000 

This  is  equivalent  to  375  pages,  or  nearly  a  volume,  of  Transactions. 

In  its  last  Annual  Report  the  Board  called  the  attention  of  mem- 
ben  to  the  care  with  which  all  applications  are  scrutinized,  and  to  the 
weight  which  the  Board  gives  to  confidential  communications  in  regard 
to  candidates.     It  is  desired  now  to  emphasize  what  was  there  said  as 
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to  the  best  method  of  preventing  the  election  of  an  undesirable  per- 
son, viz. ,  that  each  member,  upon  receipt  of  the  Blue  List,  should  for- 
ward to  the  Board  any  information  concerning  a  candidate  which  bears 
upon  his  eligibility.  This  would  prevent  the  appearance  of  the  name 
of  an  undesirable  candidate  upon  the  Ballot  List,  and  would  do  away 
with  the  necessity  for  a  negative  ballot. 

The  losses  by  death  reported  during  the  year  number  32.  They 
are  as  follows: 

Members:  Charles  Kimball  Bannister,  Daniel  P.  Bruner,  Thomas 
Curtis  Clarke,  Henry  St.  Leger  Coppee,  John  Hislop,  George  Wash- 
ington Howell,  William  Rich  Hutton,  Andrew  Langstaff  Johnston, 
William  Bateman  Lawson,  Trevor  MoClurg  Leutze*,  William  Ludlow, 
Thomas  Speer  McNair,  Niles  Meriwether,  Alfred  Petry,  George  Austin 
Quinlan,  Thomas  Laidlaw  Raymond,  Benjamin  Reece,  Richard  Pen- 
nefather  Roth  well,  George  McCracken  Rusling,  Robert  Imlay  Sloan, 
John  Larkin  Thorndike,  Ashley  Bemis  Tower,  Lebbeus  Baldwin 
Ward,  Nelson  Oliver  Whitney. 

Associate  Members:  Paul  David  Cunningham,  Levis  Passmore 
Penny  packer. 

Associates:  Henry  Robert' Bradbury,  James  Frederick  Lewis. 

Junior:  Thomas  Crabb. 

Fellows:  James  Goodwin  Batterson,  Albert  Conro,  Stephen 
Paschall  Morris  Tasker. 

LIBRARY. 

The  growth  of  the  Library  during  the  past  year  has  been  quite  in 
keeping  with  the  phenomenal  increase  in  the  membership.  This 
growth  has  been  due  in  part  to  the  stimulating  effect  of  the  issue  of  the 
Catalogue  of  the  Library  in  the  latter  part  of  1900,  and  alsa  to  special 
and  systematic  efforts  to  complete  files  of  reports  and  of  both  foreign 
and  home  periodicals,  and  to  the  purchase  of  current  textbooks  and 
engineering  works  in  English,  German  and  French.  Special  donations 
received  through  publishers,  notices  of  which  have  been  issued  in  each 
monthly  number  of  Proceedings,  have  also  helped  to  swell  the  list,  and 
a  large  and  valuable  bequest  from  the  library  of  the  late  Henry  B. 
Hammond  was  also  received. 

This  increase  in  accessions  has  added  greatly  to  the  routine  library 
work.  The  labor  and  time  necessary  to  enter  into  correspondence  with 
Railroad  Companies,  Municipalities,  Authors  and  Publishers  and  to 
prepare  book  notices,  catalogue  each  accession,  and  prepare  and  keep 
up  to  date  copy  for  subsequent  issues  of  the  library  Catalogue  has 
been  large;  but  the  Board  believes  the  results  obtained,  which  have 
been  indicated  in  detail  in  the  monthly  Proceedings,  and  are  summed 
up  in  the  comparative  statement  which  follows,  have  justified  the  addi- 
tional expense  incurred. 
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Accessions  Dubtng  the  Tear  1901. 

Bound     Unbound    Spectfica- 
Volumes.    Volumes,       toons. 

Donations — Traceable  to  Library 

Catalogue 88  392        

"  In  answer  to  special 

requests 57  2 166         

"            From  Publishers...     39  9        

Hammond  Bequest.     203  742  4 

In  Regular  Course..  250  591  103 

Exchange  of  Duplicates 43  1  080  .... 

By  Purchase 124  16         

Totals 804      4  996  107 

In  addition  to  the  above,  there  have  been  received  about  800  dupli- 
cates and  161  separate  numbers  to  complete  files  of  periodicals,  neither 
of  which  can  appear  as  accessions. 

The  yearly  accessions  during  the  last  six  years  are  given  in  the 
following  table,  which  shows  that  in  1901  there  were  532  more  acces- 
sions than  were  received  in  the  whole  previous  five-year  period : 


Maps, 

Photos, 

Charts, 

etc. 

Total. 

1 

481 

•    ■    •    • 

2  223 

•     •     a     • 

48 

«     •     •     • 

949 

118 

1062 

...  * 

1123 

1 

141 

120 

6  027 

Tear. 

Bound 
Vols. 

Unbound 
vol*. 

Specifi- 
cations. 

Maps,  Photos, 
Charts,  etc. 

Total. 

1896 

188 

630 

26 

234 

1  078 

1897. . . . 

323 

559 

122 

176 

1  180 

1898 

..      197 

749 

285 

•      9 

1  240 

1899 

268 

375 

297 

36 

976 

1900 

281 

359 

254 

127 

1  021 

1901.... 

..      804 

4  996 

107 

120 

6  027 

The  Library  now  contains — 

Bound  Volumes 9  612 

Unbound  Volumes 25  243 

Specifications 2  563 

Maps,  Photographs,  Charts,  etc 2  693 

Total 40  111 

The  total  number  of  titles  in  the  Library  is  18  201. 

During  the  year  a  careful  inspection  of  some  3  400,  more  or  less 
complete,  volumes  of  unbound  periodicals  was  made,  and  the  binding 
of  about  1 100  volumes  has  been  undertaken. 

To  date,  414  of  these  have  been  bound  and  are  now  on  our  shelves 
in  accessible  and  durable  form.    It  is  the  intention  of  the  Board  to 
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continue  this  work,  in  the  belief  that  it  is  wise  to  preserve  in  a  refer- 
ence library,  in  the  most  convenient  and  accessible  form,  sets  of  snch 
periodical  literature  as  may  be  called  for,  even  thongh  references  to 
them  are  somewhat  infrequent. 

Since  the  publication  of  the  Library  Catalogue,  the  Secretary  has 
received  from  non-resident  members  quite  a  number  of  requests  for 
information  concerning  engineering  references  along  special  lines,  and 
special  searches  have  been  made  covering  these  subjects.  Typewritten 
lists  of  references  to  the  books  and  periodicals  in  the  Library  have  been 
furnished,  and  these  bibliographies  have  evidently  been  of  much  benefit 
to  members. 

The  Board  believes  that  if  the  Membership  understood  that  these 
searches  would  be  made  upon  request,  many  would  avail  themselves  of 
this  source  of  information. 

The  furnishing  of  such  information  involves  a  considerable  expendi- 
ture of  time  on  the  part  of  the  employees  of  the  Society  qualified  to  col- 
late the  special  data  asked  for  by  individual  members,  to  the  exclusion 
of  the  prosecution  of  their  ordinary  labors,  which,  while  in  the  same 
direction,  are  devoted  to  the  general  advantage  of  the  membership. 

It  has  seemed  proper,  therefore,  to  the  Board,  to  require  that  the 
actual  amount  of  the  expenditure  incurred  in  the  collation  of  special 
information  for  an  individual  should  be  paid  for  by  the  appli- 
cant for  such  information.  The  Secretary,  accordingly,  has  been 
directed  to  charge  for  and  collect  from  members  and  others  to  whom 
special  information,  which  involves  research  and  correspondence 
not  falling  within  the  regular  duties  of  employees  of  the  Society,  may 
be  furnished,  the  actual  cost  of  the  extra  work  necessary  to  reply  to 
their  requisitions. 

The  following  gives  the  amount  expended  upon  the  Library  during 
the  year: 

Purchase  of  Books  (124  Volumes) $363.98 

Expressage,  etc 47. 61 

Binding  (414  Volumes) 378.72 

Fixtures  and  Supplies 78.45 

Total $868.76 

The  value  of  the  accessions  to  the  Library  during  the  year  is  as 
follows,  each  accession  having  been  valued  separately,  as  received: 

5  886  Donations  and  Exchanges  (estimated  value) . .  $2  704.38 
141  Purchase  (cost) 363.98 


Total..  6  027 $3  068.36 
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PUBLICATIONS. 

During  the  year  the  usual  ten  numbers  of  Proceedings  and  two 
volumes  of  Transactions  have  been  published,  the  total  number  of 
pages  in  these  publications  showing  a  slight  increase  over  the  same 
publications  for  last  year. 

In  the  last  annual  report  the  Board  stated  that  the  Secretary  had 
been  authorized  to  prepare  a  General  Index  to  Transactions.  During 
the  year  this  work,  which  involved  the  indexing  of  forty-five  volumes, 
covering  23  370  pages,  was  completed,  and  published  in  September  in 
a  separate  volume  of  244  pages,  a  copy  of  which  was  furnished  to  each 
person  connected  with  the  Society.  This  work  was  performed  by  the 
Secretary  and  the  regular  office  force,  in  addition  to  regular  duties. 

The  publication  of  this  Index  makes  possible  the  following  state- 
ment, which  would  appear  to  be  of  interest,  the  question  having  often 
been  asked  as  to  the  interest  taken  in  the  publications  by  the  member- 
ship at  large. 

Of  the  total  living  membership  of  the  Society  in  all  grades,  it  is 
found  that  12%  have  contributed  papers,  and  that  21%  have  contri- 
buted either  papers  or  discussions,  or  both. 

With  a  view  of  ascertaining  the  effect  of  the  present  method  of 
publication  on  the  technical  output  of  the  Society  the  table  given 
below  has  been  prepared. 


Period. 


1878-1877. . 
1878-1888. . 
1884-1889. . 
1800-1805. . 
1806-1001.. 


Total  and1 
average. 


46 


2  801 
2  570 
4288 
7728 
7  020 


28  042 


Papers. 

Discussions. 

i 

Total 
pages. 

1 
B 

9 

Total 
pages. 

152 
110 
150 
880 
141 

1  074 
1  034 
2886 
6  185 
8  410 

278 

240 

600 

1  881 

1  088 

428 
686 

1  847 

2  587 
8882 

010 

15  880 

8  546 

8275 

Memoirs. 


278* 


278 


Average 

Length,  in 

pages. 


e 
i 


18 

16.25 

18.15 

15.20 

24.18 


16.0 


£ 


« 

§ 

•ffl 


1.52 

2.65 

2.21 

1.0 

8.06 


2.88 


I 


am 


1.82 
2.01 
8.88 
8.02 
7.72 


8.00 


♦Before  this  period,  Memoirs  were  not  published  in  Transactions. 

It  will  be  seen  that  the  publications  of  the  Society  have  been  divided 
into  periods  of  six  years  each,  in  the  earliest  of  which  no  advance 
copies  of  papers  were  issued.  From  June,  1879,  to  December,  1895,  a 
few  advance  copies  of  papers  were  printed  and  sent  to  members  spe- 
cially selected  by  the  Secretary  for  the  purpose,  with  a  request  for 


Affairs.]  ANNUAL  BEP0ET8.  11 

discussion,  and,  in  addition  to  this,  from  April,  1892,  to  the  end  of 
1895  semi-monthly  bulletins,  containing  abstracts  of  papers  to  be 
presented,  were  regularly  issned.  During  the  last  six  years,  all  papers 
have  been  published  in  Proceedings  in  advance  of  the  date  set  for  their 
presentation,  and  nearly  always  sufficiently  in  advance  of  that  date  to 
enable  distant  members  to  be  represented  at  the  meetings  by  discussion 
in  writing  if  they  so  desired. 

During  this  last  period,  the  amount  of  output  under  the  several 
headings,  in  percentages  of  the  whole,  is  as  follows: 

Percentage  of  the  entire  time  during  which  publications  of  the 

Society  have  been  issued ; . . .  16.67 

"  "  Total  Volumes 26.1 

"  "      "     Pages 29.3 

"  "      "     Number  of  Papers 15.6 

«  «      "     Pages  of  Papers 22.1 

"  "      "     Number  of  Discussions 30.7 

"  <«      <<     Pages  of  Discussion . .' 40.3 

The  figures  showing  the  average  length  of  papers  and  discussions, 
and  the  number  of  discussions  per  paper,  are  perhaps  the  most  sig- 
nificant and  interesting,  as  they  indicate,  during  this  last  period,  a 
much  wider  and  more  carefully  prepared  discussion  than  obtained 
under  the  old  system,  and  the  increase  under  these  headings  over  the 
previous  average  is: 

•  • 

In  length  of  papers 55.2  per  cent. 

a       «      <(  discussions 52.4        " 

In  number  of  discussions  per  paper 141.2        " 

The  amount  .of  matter  in  type  at  the  present  time  is  such  that  it 
has  been  decided .  to  publish  three  volumes  during  1902,  the  first  of 
which  will  be  ready  for  distribution  about  April,  1902. 

In  the  Proceedings  the  list  of  references  to  current  engineering 
literature  (begun  in  March,  1899)  has  been  regularly  kept  up,  and, 
during  the  year,  has  covered  69  pages,  containing  3  161  classified  ref- 
erences to  54  periodicals.  These  references  have  been  collated  in 
sorap  books  under  each  of  the  classified  headings,  and  are  thus  pre- 
served in  the  Library  for  convenient  reference. 

During  the  year  additional  shelving  was  erected,  and  the  stock  of 
extra  numbers  of  papers,  monthly  Transactions  and  Proceedings,  and 
volumes  of  Transactions,  has  been  carefully  inventoried,  and  stored 
permanently  in  accessible  form.    The  cost  of  each  to  the  Society  has 
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also  been  determined,  and  it  is  found  that  the  Society  now  has  in  stock 
119  108  copies  of  its  various  publications,  the  actual  cost  of  which  has 
been  #13  931.10.  This  stock,  which  is  kept  for  the  convenience  of 
members  and  others,  is  being  largely  added  to,  each  year. 

Owing  to  the  increase  in  the  number  of  members  who  have  their 
volumes  of  Transactions  bound  in  standard  style,  it  has  been  possible 
to  effect  a  considerable  reduction  in  the  cost  of  this  binding,  and  this 
reduced  cost  has  already  gone  into  effect  with  the  binding  of  Vol. 
XL VI,  the  reduction  being  from  $1.20  to  $1.00  for  half  morocco, 
and  from  75  cents  to  50  cento  for  cloth  bindings. 

-  -    Summary  of  PuBUOAneNs  fob  1901. 

■  •  •  ••   •   •  * 

Total 

*»    "2-     o?u£&.    "— ■     <»*. 

Transactions*:. . .    2  2  700  1245  24          182 

Proceedings*.:..\\\\\\\ 10  2  850  1485  25          245 

Constitution    and     List     of 

Members 1  3  000  222          

Advertisements 10  2  850  144          

Index  to   Transactions,  Vols. 

ItoXLV 1  3000  244          


Totals 3340         49  427 

The  cost  of  Publications  bias  been: 

For  Paper,  Printing,  Binding,  etc.,  Transactions  and  Pro- 
ceedings   $7  950.54 

For  Plates  and  Outs 1  087.34 

For  Boxes,  Mailing  Lists,  Copyright,  and  Sundry  Expenses .  182 .  25 

For  Commission  on  Advertisements 327 .67 

For  8  525  copies  of  Papers  and  Memoirs 550.09 

For  List  of  Members 818.64 

For  Index  to  Transactions,  Vol.  I  to  XLV 650.89 

Total $11567.42 

Deduct  amount  received  for  advertisements $2  010.00 

Deduct  amount  received  for  sale  of  publications . .   2  392 .  08 

4  402.08 

Net  cost  of  Publications  for  1901 $7  165.34 

*  Includes  Indexes  and  Tables  of  Contents. 
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MEETINGS. 

During  the  year  24  meetings  have  been  held,  as  follows:  At  the 
Annual  Meeting,  2;  at  the  Annual  Convention,  4;  regular  semi- 
monthly meetings,  18. 

At  these  meetings  15  formal  papers,  3  of  which  were  illustrated 
with  lantern  slides,  5  topics  for  informal  discussion,  and  5  illustrated 
lectures,  were  presented. 

The  Thirty-third  Annual  Convention  was  held  at  the  International 
Hotel,  Niagara  Falls,  N.  T.  There  were  registered  at  this  convention 
317  members  of  the  Society,  in  all  grades,  accompanied  by  311  mem- 
bers of  their  families. 

MEDALS  AND  PRIZES. 

For  the  year  ending  with  the  month  of  July,  1900,  Medals  and 
Prizes  were  awarded  as  follows: 

The  Norman  Medal,  to  James  A.  Seddon,  M.  Am.  Soc.  C.  E.,  for 
his  paper  on  "  River  Hydraulics." 

The  Thomas  Fitch  Rowland  Prize,  to  Allen  Hazen,  M.  Am.  Soc.  C. 
E.,  for  his  paper  entitled  "  The  Albany  Water  Filtration  Plant. " 

The  Collingwood  Prize  for  Juniors,  to  Robert  P.  Woods,  Jun.  Am. 
Soc.  C.  E.  (now  Assoc.  M.  Am.  Soc.  C.  E.),  for  his  paper  entitled 
"  Street  Grades  and  Cross-Sections  in  Asphalt  and  Cement." 

FINANCES. 

An  examination  of  the  Secretary's  Statement  of  Receipts  and  Dis- 
bursements, and  of  the  General  Balance  Sheet,  which  accompanies  it, 
shows  that,  although  much  additional  work  has  been  performed  by 
the  office  force,  as  has  already  been  pointed  out,  the  work  has  been 
done  in  an  economical  manner. 

A  payment  of  $5  000  on  the  principal  of  the  mortgage  indebtedness 
was  made,  and  an  additional  payment  of  $5  000  has  been  ordered  in 
1902.  These  two  payments,  which  carry  out  the  recommendation  of 
the  Board  of  January,  1900,  that  a  sum  approximately  equal  to  the 
amount  of  Entrance  Fees  received  each  year  be  applied  to  extinguish- 
ing the  debt,  will  bring  the  amount  paid  for  this  purpose  during  three 
years  to  $20  000,  and  reduce  the  debt  to  $65  000. 

CONCLUSION. 

The  condition  of  the  Society,  at  the  beginning  of  its  fiftieth  year 
of  existence,  shows  that  it  has  been  successful  in  the  accomplish- 
ment of  the  purposes  for  which  it  was  organized,  as  set  forth  by  its 
founders. 
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These  objects,  as  stated  in  the  Constitution,  are:  "The  advance- 
ment of  engineering  knowledge  and  practice,  and  the  maintenance  of  a 
high  professional  standard  among  its  members." 

How  the  "  means  to  be  employed  for  this  purpose  "  have  been 
strengthened  during  recent  years,  has  been  set  forth  annually  in  the 
reports  of  the  Board.  The  progress  made  in  the  holding  of  regular 
and  successful  "  meetings  for  the  presentation  and  discussion  of  ap- 
propriate papers,  and  for  social  and  professional  intercourse; "  in  the 
"  publication  of  suoh  papers  and  discussions  as  may  be  expedient"; 
and  in  "  the  maintenance  of  a  library,  the  collection  of  maps,  draw- 
ings and  models,  and  the  establishment  of  facilities  for  their  use" 
seems  to  be  gratifying  and  satisfactory. 

The  Society  House,  which  has  now  been  occupied  for  more  than 
four  years,  has  proved  to  be  adequate  in  size  and  convenient  in  ar- 
rangement for  carrying  on  the  increasing  work,  and  the  provision 
made  for  future  expansion  seems  to  be  ample  for  many  years  to 
come. 

In  view  of  the  large  number  of  elections  during  the  past  year,  and 
the  increasing  ratio  of  yearly  additions  to  the  total  membership,  it 
seems  proper  to  emphasize  the  fact  that  this  is  not  the  result  of  any 
change  in  the  requirements  for  admission,  but  is,  on  the  contrary,  in 
spite  of  the  maintenance  of  a  higher  standard  of  eligibility,  and  the 
most  careful  scrutiny  of  the  qualifications  of  each  candidate. 

The  Reports  of  the  Secretary  and  the  Treasurer  are  appended. 

By  order  of  the  Board, 

OHAS.  WARREN  HUNT, 

Secretary. 
Nxw  York,  January  7th,  1902. 
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REPORT  OF  THE  SECRETARY,  FOR  THE 

To  THE  BOASD  OF  DIRECTION  OF  THE 

tUMU*MKN,—I  have  the  honor  to  present  a   statement    of   Re- 
ttooomlwr  ttlst,  1901.     There  is  also  presented  a  general  balance  sheet 
N  kw  Yokk,  January  7th,  1902. 

Receipts. 

Balance  on  hand  December  31st,  1901,  in   Bank 

and    Trust    Company    and    in    hands  of  the 

Treasurer $9  929.82 

Entrance  Fees -. $6  595.00 

Current  Dues 28  722.93 

Past  Dues 1  191.22 

Advance  Dues 10  548.83 

Certificates  of  Membership 254.45 

Badges 1 117.50 

Sales  of  Publications • 2  391.58 

Advertisements 2  010.00 

Interest 157.82 

Compounding  Dues 575.00 

Library 6.00 

Convention 275.00 

Annual  Meeting 854.00 

Binding 1  745.00 

Miscellaneous 51.46 

Historical  Sketch 5.00 

56  500.79 


366  430.61 
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YEAR  ENDING  DECEMBER  31st,  1901. 
American  Society  of  Civil  Engineers. 

ceipts  and  Disbursements  for  the  fiscal  year  of  the  Society,  ending 
showing  the  condition  of  the  affairs  of  the  Society. 

Respectfully  submitted, 

CHAS.  WARREN  HUNT, 

Secretary. 
Disbursements. 

Salaries  of  Officers $8  199.96 

Clerical  Help 7  822.93 

Caretaking 1  417.53 

Publications 11  372.24 

Postage 2  817.97 

General  Printing  and  Stationery 1  681.79 

Badges 907.40 

Certificates  of  Membership 127.25 

Binding 1  802.86 

Library 868.76 

Maintenance  of  House 156.96 

Heat,  Light  and  Water 873.90 

Betterments 214.50 

Furniture 749.59 

Annual  Meeting 1320.57 

Convention 874.51 

Prizes  179.90 

Advertising  Commission 327. 67 

Interest  and  Insurance 3  190.00 

Petty  Expenses 201.97 

Society  House  Loan 5  000.00 

Current  Business 307.29 

Refund,  Sale  of  Publications 21.75 

$50  437.30 

Balance  on  hand  December  31st,  1901 : 

In  Union  Trust  Company $7  255.06 

In  Garfield  National  Bank 7  753.25 

In  hands  of  Treasurer 985.00 

. 15  993.31 

$66  430.61 
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REPORT  OF  THE  TREASURER 

In  compliance  with  the  provision  of  the  Constitution,  the  Treas- 
urer presents  the  following  report  for  the  year  ending  December  31st, 
1901: 

Balance  on  hand  December  31st,  1900 $9  929.82 

Receipts  from  current  sources  January  1st  to  De- 
cember 31st,  1901 " 56  500.79 

Payment  on  audited  vouchers  for  cur- 
rent business,  January  1st  to  De- 
cember 31st,  1901 $45  437.30 

Payment   on  principal   of   Bond  and 

Mortgage. 5000.00 

Balance  on  hand  December  31st,  1901 : 
In   Union   Trust  Com- 
pany     $7255.06 

In     Garfield     National 

Bank 7  753.25 

In  hands  of  the  Treas- 
urer         985.00       15  993.31 


$66  430.61     $66  430.61 


Respectfully  submitted, 


JOSEPH  M.  KNAP, 

Treasurer,  Am,  Soc  C.  E. 


New  York,  January  7th,  1902. 
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MONTHLY  LIST  OF   RECENT  ENGINEERING  ARTICLES  OF 

INTEREST. 

(December  12th,  1901,  to  January  7th,  1902.) 


Note. — This  list  is  published  for  the  purpose  of  placing  before  the  members 
of  the  Society  the  titles  of  current  engineering  articles*  which  can  be  referred 
to  in  any  available  engineering  library,  or  can  he  procured  by  addressing 
the  publication  directly,  the  address  and  price  being  given  wherever 
possible. 

LIST  OP  PUBLICATIONS. 

In  the  subjoined  list  of  articles  references  are  given  by  the  number  pre~ 
fixed  to  each  journal  in  this  list 


(i)  Journal,  Assoc.  En  jr.  Soc.,  257  South 
Fourth  8c,  Philadelphia,  Pa.,  80c. 

(a)  Proceedings,  Eng.  Club  of  Pbila.,  1182 
Oirard  St.,  Philadelphia,  Pa. 

(3)  Journal.   Franklin    Inst.,    Philadel- 

phia, Pa..  60c. 

(4)  Journal,  Western  Soc.  of  Eng.,  Mo- 

nadnock  Block,  Chicago,  111. 
($)  Transactions,  Can.  Soc.  C.  E.,  Mon- 
treal, Que.,  Can. 

(6)  School  of  Mines  Quarterly,  Columbia 

Uniy.,  New  York  City,  60c. 

(7)  Technology   Quarterly,  Maes.    Inst. 

Tech.,  Boston,  Mass.,  76c. 

(8)  Stevens  Institute  Indicator,  Stevens 

Institute,  Hoboken,  N.  J.,  60c. 

(9)  Engineering  Magazine,   New   York 

City.  80c. 
(io)  Cassier's  Magazine,  New  York  City, 

26c. 
(■i)  Engineering  (London),  W.  H.  Wiley, 

New  York  City,  86o. 
f  la)  The  Engineer  (London),  International 

News  Co..  New  York  City,  86c. 

(13)  Engineering  News,  New  York  City, 

16c 

(14)  The  Engineering  Record,  New  York 

City,  12c. 
(13)  Railroad  Gazette,  New  York  City, 
10c. 

(16)  Engineering  and    Mining  Journal, 

New  York  City,  16c. 

(17)  Street  Railway  Journal,  New  York 

City.  86c. 

(18)  Railway  and   Engineering   Review, 

Chicago,  HI. 

lio)  Scientific  American  Supplement,  Hew 
York  City,  10c. 

(ao)  Iron  Age,  New  York  City,  10c. 

(ai)  Railway  Engineer,  London,  Eng- 
land. 

(aa)  Iron  and  Coal  Trades  Review,  Lon- 
don, England. 

(33)  Bulletin,  American  Iron  and  Steel 

Assoc.,  Philadelphia,  Pa. 

(34)  American   Gas  Light  Journal,  New 

York  City,  10c. 
C33)  American  Engineer,  New  York  City, 

20c. 
(96)  Electrical  Review*  London,  England. 
(37;  Electrical  World  and  Engineer,  New 

York  City,  10c. 
<a8)  Journal,  Hew  England  Water- Works 

Assoc.,  Boston,  76c. 


(ao)  Journal,  Society  of  Arts,  London, 
England. 

(30)  Annates   des    Travaux  Publics  de 

Belgique,  Brussels.  Belgium. 

(31)  Annates  deV  Assoc,  dee  Ing.  Sortis 

des  Ec6le  Sveciales  de  Gand,  Brus- 
sels, Belgium. 
(3a)  Memoires  et  Compte  Rendu  des  Tra- 
vaux, Soc.   Ing.   Civ.  de  France, 
Paris,  France. 

(33)  Le  Genie  Ottnf,  Paris,  France. 

(34)  Portefeuille    Economique    des    Ma- 

chines. Paris,  France. 
(33)  Nouvelles  Annates  de  la  Construc- 
tion, Paris,  France. 

(36)  La  Revue  Technique,  Paris,  France. 

(37)  Revue  de  Mecanigue,  Paris,  France. 

(38)  Revue  Generate  des  Chemins  de  Fer 

et  des  Tramways,  Paris,  France. 
(30)  Railway  Master  Mechanic,  Chicago, 
III. 

(40)  Railway  Age,  Chicago,  111.,  10c. 

(41)  Modern  Machinery , Chicago,  111. ,  10c. 
(4a)  Transactions,  Am.  Inst.  Elec.  Eng., 

New  York  City,  50c. 

(43)  Annates    des    Ponts   et    Chausste*, 

Paris.  France. 

(44 )  Journal,    Military  Service    Institu- 

tion, Governor's  Island,  New  Yoik 
Harbor.  76c. 
(43)  Mines  and  Minerals,  Scranton,  Pa., 
20c. 

(46)  Scientific  American,  New  York  City, 

10c. 

(47)  Mechanical  Engineer,    Manchester, 

England. 

(38)  Proceedings,  Eng.   Soc.   W.  Pa.,  410 

Penn  Ave.,  Pittsburg ,  Pa. ,  60c. 

(39)  Transactions,  Mining    Institute    of 

Scotland,  London  and  Newcastle- 
upon-Tyne. 

(60)  Municipal    Engineering,    Indianap- 

olis, Ind.,  26c. 

(61)  Proceedings,  Western  Railway  Club. 

226  Dearborn  St.,  Chicago,  111.,  26c. 
(6a)  American  Manufacturer  and  Iron 
World,  69  Ninth  St.,  Pittsburg,  Pa. 

(63)  Minutes  of  Proceedings,  Inst.  C.  L., 

London,  England. 

(64)  Potcer.  New  York  City,  10c. 

(63)  Official  Proceedings,  New  York  Rail- 
road Club,  Brooklyn,  N.  Y.,  15c. 
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LIST  OP  ARTICLES. 
Bridge. 

Notes  on  Protection  of  Metal  Work  of  Pallmirfnf  Bridge  Floors.    W.  H.  Finley.    U> 

Dec. 
The  Intel-provincial  Bridge  at  Ottawa.*    (14)  Serial  beginning  Dec  7.  ending  Dec  14. 
The  Middletown  (Conn.)  Bridge— The  Longest  Highway  Draw  Spin.*    H.  O.  TyrrelL 

(15)  Dec.  27. 
The  Little  Calumet  River  Drawbridge.*    ( 14)  Dec  88. 
The  New  East  River  Bridge;  Its  Present  Condition  Shown  Photographically.*     (30) 

Jan.  2. 
Chicago,  Milwaukee  &  St.  Paul  Bridge  at  Minneapolis.*    <  40 )  Jan.  8. 
The  Drafting  Room  of  a  Bridge  Office.    R.  O.  Manning.    ( 14 >  Jan.  4.    (Reprint  from  the 

Technic,  1900.) 
Le  Pont  J.  F.  Lepine,  a  Paris.*    J.  Hervieu.    (35)  Serial  beginnin#Oct..  ending  Dec. 

Electrical. 

The  Bay  Ridge  Station  of  the  Edison  Electric  Light  Co.  of  Brooklyn.*    (64)  Dec 

The  Crawford -Voelker  Incandescent  Electric  Lamp.    F.  Z.  Maguire.    (a6)  Dec.  «. 

Electricity  Supply  Meters.    J.  R.  Dick.    (47)  Dec.  14. 

The  Stray  Power  Method  of  Testing  Direct-Current  Motors  and  Generators.  Win.  Lincoln 
8mith.    (27)  Dec.  14. 

Lighting  and  Railway  Development  on  Staten  Island.    Max  Loewenthal.    (27 )  Dec.  28. 

Alternators  with  Dampers.    J.  Fischer- Hinnen.    (27)  Dec.  26. 

The  Slaby-Arco  Portable  Field  Equipment  for  Wireless  Telegraphy.*  A.  Frederick  Col- 
lins.   (46)  Dec.  28. 

The  Electric  Incandescent  Lamp;  How  It  Is  Made  and  Tested  in  the  United  States.* 
Bernard  V.  Swenson.    (10)  Jan. 

The  Economy  of  Isolated  Electric  Plants.    Isaac  D.  Parsons.    ( 9)  Jan. 

The  Operation  of  the  Rotary  Converter.*    David  B.  Rushmore.    <  9)  Jan. 

Wireless  Telegraphy;  Its  Past  and  Present  Status  and  Its  Prospects.*  William  Maver, 
Jr.    ( 10)  Jan. 

The  New  Power  Station  of  the  New  York  Edison  Company.*    ;  14)  Jan.  4. 

Moteurs  et  Combinateurs  filectriques  pour  Voitures  Automobiles.  Joseph  Rosset.  1 34  > 
Serial  beginning  Sept.,  ending  Dec. 

Marine. 

Power  Consumed  in  Propelling  the  Whitehead  Torpedo.*    Frank  M.  Leavitt.    (ao)  Dec. 

12. 
Battleships  (of  the  American  Navy)  *    (46)  Dec.  14. 
Monitors  <  of  the  American  Navy )  .*    ( 46 )  Dec.  14. 
Latest  Types  of  Naval  Guns,*    (46)  Dec.  14. 
Armored  Cruisers  (of  the  American  Navy).*    (46)  Dec.  14. 

Mechanical. 

Compressed  Air  Haulage  Plants.    Richard  Hirsch.    (58)  Dec. 

Some  Aeronautical  Experiments.    Wilbur  Wright.    (4  i  Dec. ' 

Engines  at  the  Glasgow  Exhibition.*    (64)  Dec 

A  Large  Boiler  Stoking  Plant.*    <ia)  Dec.  6. 

Some  Details  of  Construction  in  Heavy  Motor  Vehicles.*    (47*  Dec  7. 

Machine  Tools  and  Their  Use  in  Locomotive  Works.*    ( 1a)  Dec.  IS. 

Working  Loads  for  Manila  Rope.    C.  W.  Hunt.    <  13)  Dec  12;  ( 14)  Dec  14. 

About  Smoke  Consumers.*    D.  B.  Dixon.    (6a)  Dec.  19. 

The  Franklin  Water  Tube  Boiler.*    (ao)  Dec  19. 

Stanley  Works,  Newark-on-Trent.*    (i a)  Dec  20.  _  .._. 

Elevators  for  Tall  Office  Buildings:  The  Problem  of  Efficient  Service.  Reginald  Pel- 
ham  Bolton.    <  10)  Jan.  .        ^  _ 

Hoisting  Machinery;  Its  Increasing  Importance  and  Development.*  Joseph  Horner. 
(10)  Jan. 

A  Smokeless  London:  The  Promise  of  Gaseous  Fuel  and  Electricity.  W.  C.  Popple  well. 
(10)  Jan. 

The  "  Brighton  "  Gas  Engine.*    <  6a)  Jan.  2. 

Winding  Field  Coils  from  Flat  Copper  Strips.*    (ao)  Jan.  2. 

High  Pressure  Gas  Lighting.    W.  H.  Casmey.    (34)  Jan.  6. 

Les  Embrayages.*    M.  Euvertc    (37)  Nov. 

Manutention  Mecanique  du  Charbon  et  du  Coke  dans  les  L  sines  a  Gaz  de  Dijon  et  du 
Havre*    J.  Lav*rchere.    (33)  Dec  7 

La  Vapeur  Surchauffee  et  le  Surchauffeur  Schwoerer.    ( 36  >  Dec .10. 

Les  Nouveaux  Laboratoires  de  l'ficole  Technique  Supeneurede  Stuttgart.*  (33*  Dec  14. 

Applications  Industrielles  des  Turbines  a  Vapeur  Parsons.*  M.  Duchanoy.  133)  Dec  21. 

Metallurgical. 

A  Japanese  Copper  Reduction  Worts.*    W.  L.  Hildburgh.    (6 )  Nov. 

The  Early  History  of  Open-Hearth  Steel  Manufacture  in  the  Lnlted  States.    Samuel  T. 

Wellman.  M.  Am.  Soc  M.  E.    (13)  Dec.  12. 
Alloys  as  Solutions.    John  Alexander  Matthews.    (16)  Dec  2!. 
Modern  Iron  Blast-Furnace  Practice.*    Frank  Hearne  Crockard.    (9*  Jan. 


*  Illustrated. 
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Military. 

Late  Developments  in  Ordnance  and  Armor.    J.  F.  Meigs,    do)  Dec.  14. 
Range-Finders.    George  Forbes.    (ao)  Dec.  90. 

Mining. 

The  South  Lesmahagow  Coal-Field.    J.  M.  Cairncross.    (50)  Vol.  xxii,  Pt.  4. 
Washing  of  Bituminous  Coals  by  the  Luhrig  Process.*   J.  v.  Schaef er.    (4)  Dec. 
Copper, Mining  in  Japan.    E.  W.  Jardin.    (16)  Dec.  88. 

Railroad. 

The  Abolition  of  Grade  Crossings  on  the  Providence  Division  of  the  New  York,  New 
Haven  and  Hartford  Railroad  between  Boston  and  Dedham.  Arthur  S.  Tuttle.  ( 1  > 
Nov. 

Some  Problems  in  Maintenance  Arising  from  Rapid  Increase  in  Air-Brake  Equipment. 
E.  M.  Herr.    (61)  Nov. 

What  shall  be  done  to  Maintain  theAir  Brake  Equipment  on  our  Freight  Cars.  T.  W. 
Demarest.    (61)  Nov. 

Locomotive  Combustion.    J.  W.  Shepherd.    (61)  Nov. 

The  New  Victoria  Station  at  Nottingham.    (11 )  Serial  beginning  Nov.  15,  ending  Dec.  20. 

Oil  Fuel  for  Locomotives:  Practice  on  the  Pacific  Coast.*  H.  B.  Gregg.  (as)  Serial 
beginning  Dec.,  ending  Jan. 

Economy  in  Locomotive  Service.  G.  R.  Henderson.  (15)  Serial  beginning  Dec.  0,  end- 
ing Dec.  13. 

Port  Richmond  Terminal  of  the  Philadelphia  &  Reading  Ry.*    (18)  Dec.  14. 

The  Pennsylvania  and  Long  Island  R.  R.  Extensions  across  the  North  and  East 
Rivers.*    (13)  Dec.  19. 

The  Player-Baldwin  Oil-Burning  Consolidation  Locomotive— Atchison,  Topeka  &  Santa 
Fe.*    (13)  Dec.  80. 

Rail  Rolling  at  Lower  Temperatures  during  1901*    S.  S.  Martin,    (ao)  Dec.  86. 

The  Field  Practice  of  Relining  Railway  Curves.    Howard  C.  Ives.    (13 )  Dec.  86. 

New  Yards  and  Shops  of  the  Central  Railroad  of  New  Jersey,  at  ElJzabethport,  N.  J.* 
(15)  Serial  beginning  Dec.  87.  ending  Jan.  8. 

Comparative  Locomotive  Tests,  Michigan  Central  and  Illinois  Central  Roads.    (18) 

Vanderbilt' Steel  Tank  Car,  18  000  Gallons  Capacity.*    (a$)  Jan. 

A  Brooks  "  Chautauqua "  Type  Locomotive— Central  Railroad  of  New  Jersey.*    (as) 

Jan.;  (15)  Jan.  8;  (18)  Jan.  4. 
Chautauqua  Type  Passenger  Locomotive— Buffalo,  Rochester  &  Pittsburg  Railway.* 

(39)  Jan. 
Collin  wood  Roundhouse,  Lake  Shore  &  Michigan  Southern  Railway.*    (25)  Jan. 
Heavy  Consolidation  Compound  Locomotive,  Atchison,  Topeka  &  Santa  Fe  Railway.* 

O5)  Jan. 
Four-Cylinder  Balanced  Compound  Locomotive:   A  Design  by  Charles  M.  Muchnic* 

(35)  Jan. 
Drawing  Room;   Chief  Engineer's  Office;   Pittsburg  &  Lake  Erie  R.  R.,  Pittsburg.  Pa.* 

R.  P.  Forsberg.    (13)  Jan.  2. 
Switching  Yards  of  the  Chicago  Transfer  &  Clearing  Co.*    (13)  Jan.  8. 
Les  Locomotives  a  r Exposition  de  1900:  Locomotives  AmerTcaines.    F.  Barbler.    (38) 

U6C. 

Railroad,  Street. 

The  Wannsee-Berlin  Electric  Railway.*    ( 1a)  Dec.  6. 

Shallow  Underground  Tramways.    C.  H.  Wordingham,  M.  Inst.  C.  E.    (ao)  Dec.  18. 
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THE  CONSTRUCTION  OP   FOUNDRY  PATTERNS. 

An  Elementary  Manual  for  Engineering  Students  and  Apprentices. 

By  Herbert  Aughtie,  A.  M.  I.  M.  E.     Cloth,  8 J  x  6  ins.,  8  +  166  +  2 

pp.,  illus.     The  Scientific  Publishing  Company,  Manchester,  1901.     5 

shillings  net. 

In  this  work  the  author  has  endeavored  to  produce  a  textbook  dealing  with  the 
principles  of  pattern  making  In  such  a  way  as  to  meet  the  requirements  of  engi- 
neering apprentices  and  students,  though  doubtless  much  of  the  Information  given  will 
be  found  of  value  also  to  experienced  workmen  and  foremen.  In  the  treatment  of  the 
subject,  brevity  in  the  text  has  been  aimed  at,  coupled  with  very  full  illustrated 
examples;  and  the  examples  have,  as  far  as  possible,  been  fully  dimensioned,  so  that 
the  bearing  of  the  particular  methods  used  may  be  more  clearly  apprehended. 
Foundry  methods  are  frequently  discussed,  as  the  construction  of  a  pattern  very  often 
cannot  be  undertaken  until  the  method  of  moulding  is  decided  upon.  The  first  chapter 
contains  a  brief  account  of  the  method  of  moulding  simple  patterns  in  green  sand,  with 
such  fundamental  rules  of  pattern  construction  as  apply  practically  to  all  cases.  The 
following  chapter  discusses  such  complications  of  the  mould  as  necessitate  the 
use  of  loose  parts  in  the  pattern.  Chapters  III  to  VIII  deal  with  the  construction  of 
circular  patterns  and  the  economy  in  the  cost  of  patterns  due  to  the  use  of  skeleton 
patterns,  loam  patterns  and  loam  moulds.  Patterns  of  a  more  elaborate  nature,  such 
as  those  required  for  steam  cylinders,  toothed  wheels,  etc.,  are  considered  in  the  next 
four  chapters,  while  the  concluding  chapter  is  devoted  to  a  description  of  such 
machinery  as  is  necessary  or  desirable  in  a  pattern  shop.  There  is  an  index  of  two 
pages. 

HAND  BOOK  OP  TIMBER  PRESERVATION. 

By  Samuel  M.  Bowe,  M.  Am.  Soc.  C.  E.  and  M.  W.  S.  E.  Souvenir 

Edition.     Leather,  6x4  ins.,  61  +  8  pp.,  illus.     Chicago,  Fettibone, 

Sawtell  &  Co.,  Printers,  1900.     (Donated  by  the  Author.) 

The  primary  purpose  of  this  little  book,  as  stated  in  the  introductory  remarks,  is  to 
furnish  and  collate  such  Information  as  to  the  practical  workings  of  the  preservation  of 
timber  as  shall  enable  the  operator  to  understand  fully  the  philosophy  and  principles 
involved,  and  to  serve  as  a  handbook  of  Information,  both  during  the  construction  and 
operation  of  the  works.  The  zinc-tannin,  or  Wellhouse,  process  Is  treated  of  at  length, 
while  the  Burnett  and  creosote  processes  are  noticed  only  incidentally. 

STANDARDS  POR  STRUCTURAL  DETAILS. 

American  Bridge  Company,  Engineering  Department.    Cloth,  10  x 

6}  ins.,  102  pp.,  tab.,  illus.    1901.     (Donated  by  the  American  Bridge 

Company. ) 

In  order  to  obtain  uniformity,  tbeee  standards  have  been  prepared  for  use  in  the  various 
engineering  offices  of  the  American  Bridge  Company  to  assist  the  engineers  and  drafts- 
men in  making  detailed  and  shop  drawings.  The  present  edition  is  a  revision  of  former 
standards.  Tne  preface  states  that  they  nave  been  revised  from  time  to  time  in  order 
to  keep  pace  with  the  progress  made  in  the  art  of  designing,  and  that  particular  effort 
has  been  made  to  have  them  adapted  to  the  latest  improvements  in  tools  used  in  bridge 
construction.  The  Contents  are:  Beams  and  Channels;  Angles;  Tees;  Z-Bars;  Rivets 
and  Bolts;  Pins  and  Nuts;  Eyebars;  Rods:  Flooring;  Miscellaneous;  Tables;  Sample 
Drawings;  Corrugated  Steel  Windows  and  Doors;  Rules  for  Making  Shop-Drawings; 
Appendix. 

COURS  DE  TRAVAUX  MARITIMES 

Professe*  a  l'ficole  Nationale  des  Ponts  et  Chaussees.  Par  Le  Baron 
Quinette  de  Bochemont  et  M.  Henry  Desprez.  Cloth,  11  x  7J  ins.,  2 
vols  and  atlas,  illus.  Paris,  Ch.  Beranger,  1900.  40  francs.  (Donated 
by  Baron  Quinette  de  Bochemont.) 

*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  to  the  Library  by 
the  Publisher. 


u 


ACCB8SI0H8  TO  THE  LIBRARY. 


[Society 


The  following  gifts  have  also  been  received : 


Adams,  Edward  A.    1  bound  toL 

Am.  8oc  M  ech.  Engrs.    1  bound  vol. 

Am.  Water  Works  Assoc.    1  pam. 

Boston  Pub.  Lib.    1  vol. 

Boston  Transit  Comm.    1  bound  vol. 

Buck,  L.  L.,  and  Nichols,  O.  F.    1  bound 

voL 
rasper.  C.  M..  Co.    1  bound  vol. 
CoUingwood.  Francis.    8  pam. 
Colo.  Agricultural  Exper.  Station.    1  pam. 
Columbia  Univ.    1  no. 
Detroit  Board  of  Water  Connors.    1 
Duluth  City  Officers.    1  pam. 
Kndicott,  Morrtecai  T.    1  pam. 
Indian  Midland  Ry.  Co.    1  pam. 
Inst,  of  Civ.  Engrs.  of  Ireland.    8  bound 

voL,  9  pam. 
Lange,  Ounardo.    1  pam. 


Min.  and  Mecb. 


McGaniL,  T.  H.    2  maps. 

Mass.  State  Board  of  Health.    1  bound  voL 

New  England  Cotton  Mfrs.  Assoc   1  bound 

voL 
N.  T.  State  College  of  Forestry.    1 
North,  Edward  P.    1  pam. 
North  of  England   Inst.  '. 

Engrs.  1  pam. 
Oesterreichischer  Ingenleur-  und    Archi- 

tekten-Verein.    S3  vols.,  71  nos. 
Philosophical  Soc.  of  Glasgow.    1  vol. 
Schieren,  Chas.  A.    8  bound  vol. 
Thompson,  Root.  A    1  pam. 
U.  S.  War  Dept.     1  bound  vol.,  2  vol.,  8b 

pam. 
Vierendeel,  A    1  pam. 
Wash.  Bureau  of  Statistics,  Agriculture 

and  Immigration.    1  vol. 


BY  PURCHASE. 

Les  Automobiles  £lectriqnes.  Par  Gaston  Sencier  et  A.  Delasalle, 
avec  one  Preface  de  Charles  Jeantaud.     Paris,  Ch.  Dunod,  1901. 

Becherches  Ex  perimen  tales  sur  le  Materiel  de  la  Batellerie.  Par 
F.  B  de  Mas.     Paris,  Imprimerie  Nationale,  1891-1897. 

Technische  Hulfsmittel  zur  Beforderung  und  Lagernng  yon  Sam- 
melkbrpern  (Massengiitern).  Yon  M.  Buhle.  I.  Teil.  Berlin,  Jnlina 
Springer,  1901. 

Geographische  Abhandlnngen.  Heransgegeben  von  Prof.  Dr. 
Albrecht  Penck  in  Wien.  7  vols,  in  14.  Wien,  Eduard  Holzel,  1886- 
1900. 

Reminiscences  of  General  Herman  Hanpt,  giving  Hitherto  Unpub- 
lished Official  Orders,  Personal  Narratives  of  Important  Military 
Operations,  and  Interviews  with  President  Lincoln,  Secretary  Stanton, 
General-in-Chief  Halleck,  and  with  Generals  McDowell,  McClellan, 
Meade,  Hancock,  Bnrnside,  and  Others  in  Command  of  the  Armies  in 
the  Field,  and  his  Impressions  of  These  Men.  Written  by  Himself, 
with  Notes  and  a  Personal  Sketch  by  Frank  Abial  Flower.  Milwaukee, 
Wright  k  Joys  Co.,  1901. 

Sanitary  Engineering.  A  Practical  Treatise  on  the  Collection, 
Removal  and  Final  Disposal  of  Sewage  and  the  Design  and  Construc- 
tion of  Works  of  Drainage  and  Sewerage,  with  a  Special  Chapter  on 
the  Disposal  of  House  Refuse  and  Sewage  Sludge,  and  Numerous 
Hydraulic  Tables,  Formulae  and  Memoranda,  including  an  Extensive 
Series  of  Tables  of  Velocity  and  Discharge  of  Pipes  and  Sewers 
Specially  Computed  by  Ganguillet  and  Kutter's  Formula.  By  Colonel 
E.  C.  S.  Moore*,  R.  E.  New  York,  Longmans,  Green  &  Co. ;  London,  B. 
T.  Batsford,  1898. 

Zeitschrift  des  Vereines  Deutscher  Ingenieure  (to  complete  set)  1  no. 


SuMMABY  OF  ACCESSIONS. 

December  12th,  1901,  to  January  7th,  1902. 

Donations  (including  3  duplicates  and  72  numbers 
completing  volumes  of  periodicals) 181 

By  Purchase  (including  1  number  completing  volume 
of  periodical) 7 

Total 188 


Affairs.]  MEMBERSHIP— ADDITIONS.  25 


MEMBERSHIP. 


ADDITIONS. 


Date  of 
Beard&ley,  James  Wallace,  Membership. 

Jan.  Eng.,  U.  S.  Eagre.,   Old  Custom   House,  Detroit, 

Mich Deo.    4,  1901 

Douglas,  Edward  Morehouse, 

Care,  U.  8.  Geological  Survey,  Washington,  D.  C Dec.    4,  1901 

Holoate,  Henry, 

McKinnon  Bldg.,  Toronto,  Ont. ,  Canada Oct.     2,  1901 

Johnson,  Luceen  Samuel, 

Jun.  Eng.,   U.   S.  Inspector,  U.  S.  Eng.  Dept.,  James- 
town, B.  I Deo.    4,  1901 

Mackenzie,  William  Brouard, 

Chf.  Eng.   Intercolonial  By.  of  Canada,  Moncton,  J  Jun.    Jane  7,   1882 

N.  B.,  Canada \  M.       April  3,  1901 

Maitland,  Alexander,  Jr., 

Contr.  Eng.,  American  Bridge  Co.,  514  N.  Y.  Life  Bldg., 

Kansas  City,  Mo Nov.    6,  1901 

Tone,  Sumner  La  Rue, 

6607  Howe  St,  Pittsburg,  Pa Dec.    4,  1901 

Tucker,  Lester  Waldo, 

Asst.  Eng.,  B.  &  M.  B.  B.,  Boston,  Mass Dec.    4,  1901 

Wallace.  Joseph  Harbison,  j  *Dn-  £ec'    *•  1896 

908  Temple  Court  Bldg.,  New  York  City 1  ~*°°-  M*    D€C'    *•  1897 

*  ^'  J  IM.  Nov.    6,  1901 

associate  members. 
Bellows,  Oscar  Francis, 

U.  S.  Supt.  of  Constr.,  Fort  Morgan,  Ala Deo.    4,  1901 

Downman,  Julian  Romnet, 

Mgr.,  Teche  Constr.  Co.,  Jeanerette,  La Dec.    4,  1901 

Hill,  Curtis, 

Sewer  Dept.,  City  Hall,  St.  Louis,  Mo Oct.    2,  1901 

Hunter,  Bobebt  Easton, 

644  St.  Denis  St,  Montreal,  Que.,  Canada Nov.    6,  1901 

juniors. 
Adams,  Arthur, 

132  Oneida  St.,  Utica,  N.  Y Oct.     1,1901 

Ives,  Howard  Chapin, 

Worcester  Polytechnic  Institute,  Worcester,  Mass Deo.     3,  1901 

Btan,  Michael  Healt, 

Asst.  Eng.,  Bapid  Transit  B.  B.,  1161  Amsterdam  Ave., 

New  York  City Dec.    3,   1901 


26  MEMBERSHIP — RESIGNATIONS. 

RESIGNATIONS. 

MEMBEBS. 

Date  of 
Resignation. 

Douglas,  Henry  Thompson Dec.  31,  1901 

Gbeenough,  Malcolm  Scollay Deo.  31,  1901 

Kelsey,  Clifford  Stephen Dec.  31,  1901 

Marshall,  William  Lewis Dec.  31,  1901 


DEATHS. 

Crabb,  Thomas.  , Elected  Junior  April  4th,'  1899;  died  Dec.  21st,  1901 

Bbece,  Benjamin Elected  Member  March  2d,  1881;  died  Dec.  17th.  1901 

Stixbud,  Mabtinius  .   .  Elected  Member  April  3d,  1889,  died  Dec.  28th,  1901 


Vol.  XXVIII.  JANUARY,  1902.  No.  1. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

INSTITUTED    1852. 


PAPERS  AND  DISCUSSIONS. 

This  8ociety  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 

In  any  of  its  publications. 


CONTENTS. 

Papers :  page 

The  Bohio  Dam. 

By  George  S.  Morison,  Fast-President,  Am.  Boc.  C.  E 1 

Thermo-Electric  Measurement  of  Stress. 

By  C.  A.  P.  Turner,  M.Am.  Soc.  C.  E 86 

Discussions : 

A  Graphical  Method  for  the  Solution  of  Stresses  in  the  Continuous  Girder,  as 
applied  to  Draw-Bridges. 

By  George  F.  Barton,  Esq 62 

A  Proposed  Solution  of  Some  Hydraulic  Problems. 

By  Messrs.  I.  P.  Church  and  Charles  H.  Tutton 64 

PLATES. 

Plate  I.    Large  Olsen  Testing  Machine;  Galvanometer,  etc 88 

Plate  II.    Small  Olsen  Testing  Machine 87 


Vol.  XXVIII.  JANUARY,  1902.  No.  1. 


AMERICAN  SOCIETY  OF  CIVIL  ENGDTEEBS. 

INSTITUTED    1858. 


PAPERS  AND  DISCUSSIONS. 

This  Society  is  not  responsible,  as  a  body,  for  tbe  facts  and  opinions  advanced 

in  any  of  its  publications. 


THE  BOHIO  DAM. 


By  George  S.  Morison,  Past-President,  Am.  Soc.  G.  E. 
To  be  Presented  Mabch  5th,  1902/ 


All  engineers  who  have  examined  the  route  of  the  Panama  Canal 
agree  that  the  neighborhood  of  Bohio  is  the  only  available  location  for 
the  dam  by  which  the  summit  level  must  be  maintained.  On  the  other 
hand,  there  have  been  wide  differences  of  opinion  as  to  how  this  dam 
should  be  constructed,  and  how  high  it  could  safely  be  built.  While 
it  would  be  an  exaggeration  to  say  that  the  conditions  met  here  are 
unprecedented,  they  call  for  engineering  skill  and  judgment  of  the 
highest  order.  Adam  built  to  meet  requirements  which  have. been 
imposed  in  other  localities  would  be  enormously  expensive.  The  real 
skill  of  an  engineer  is  shown  in  designing  the  least  expensive  safe 
structure  adapted  to  the  particular  case  in  hand,  even  though  it  may 
not  comply  with  requirements  commonly  demanded. 

The  formation  of  the  Isthmus  is  generally  volcanic,  with  the  irregu- 
larities of  surface,  rocks,  and  elevations  usually  found  in  volcanic 
countries.  The  width  of  the  Chagres  Yalley  at  any  fixed  elevation  is 
very  variable,  while  rocky  islands  rise  here  and  there  above  the  level  of 

the  alluvial  plain.  The  sides  of  the  valley  are  generally  rocky,  although 

Nora.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers  with  discussion 
in  full  will  be  published  in  Transactions. 
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much  of  this  rock  is  of  soft  character;  it  has  often  weathered  into  a 
fertile  soil,  which  was  formerly  covered  by  a  tropical  forest,  and  wonld 
quickly  return  to  its  pristine  condition  if  the  rude  cultivation  now 
practiced  were  abandoned.  Tne  bottom  land  or  alluvial  plain  of  the 
river  is  comparatively  narrow,  and  is  formed  of  the  sediment  from  a 
country  of  much  the  same  character  as  that  which  bounds  it.  As  the 
rocks  are  of  very  diverse  character  the  alluvial  soil  is  also  variable. 
It  is  generally  a  silt  or  a  compact  mixture  of  sand  and  clay  practically 
impervious  to  water,  but  in  some  places  coarse  sand  and  gravel  are 
found.  There  are  various  bars  and  other  obstructions  in  the  river, 
some  of  which  are  rock  in  position,  and  others  bowlders,  gravel  or 
sand. 

At  Bohio  the  high  banks  of  the  valley  are  near  together,  and  rock 
is  found  quite  near  the  surface  on  both  sides  of  the  river.  The  river 
is  less  than  200  ft.  wide  at  ordinary  stages,  and  a  superficial  examina- 
tion would  lead  one  to  believe  that  rock  would  be  found  at  very  mod- 
erate depths  completely  across  the  valley.  The  first  impression  made 
is  that  this  is  an  ideal  site  for  a  dam,  and  that  a  masonrv  structure 
could  be  built  at  moderate  expense.  Borings,  however,  reveal  the 
unwelcome  fact  that  the  alluvial  deposit  has  simply  filled  up  an  old, 
deep  geological  valley,  the  bottom  of  which,  at  places,  is  140  ft.  below 
tide  level,  and  that  the  lower  portion  of  this  valley  is  filled  with  sand 
and  gravel  permeable  to  water.  The  course  of  the  geological  valley 
does  not  everywhere  agree  with  the  present  bed  of  the  Chagres  Biver, 
but  it  lies  within  the  hills  which  bound  the  larger  valley.  Permeable 
sand  and  gravel  are  found  in  the  lowest  part  of  the  geological  channel, 
overlaid  by  a  heavy  and  tight  blanket  of  finer  alluvial  deposit.  There 
are  strong  probabilities  that  this  permeable  material  connects  with  the 
river  either  above  or  below,  or  both,  the  evidence  of  this  being  that 
when  a  pipe  is  driven  into  this  material  the  water  in  the  pipe  stands  at 
the  same  level  as  that  in  the  river.  It  is  practically  established,  how- 
ever, that  there  is  no  connection  with  the  river  for  a  considerable  dis- 
tance, probably  at  least  J  mile,  above  the  dam  site.  Fig.  1  is  a  general 
map  of  this  locality.  The  immediate  location,  on  a  larger  scale,  is 
shown  in  Fig.  2,  and  several  cross-sections  of  the  valley,  determined 
by  borings,  are  shown  in  Fig.  3. 

About  2  miles  above  the  dam  site,  a  local  tributary,  the  Gigante, 
enters  the  Chagres  from  the  west.  A  low  summit  separates  the  Gigante 
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from  the  Chagres  2  miles  below  the  dam  site.  The  natural  summit 
here  is  67  ft.  above  tide  water  at  the  lowest  part  of  the  gap.  Good 
rock  foundation  is  found  at  this  place,  and  it  is  in  every  respect  an 
excellent  location  for  a  spillway.  The  floods  of  the  Chagres  must 
either  pass  through  the  present  course  of  the  Chagres  by  Bohio,  or 
must  pass  over  the  gap  at  the  head  of  the  Gigante.  To  force  them 
through  the  Gigante  gap  requires  the  construction  of  a  dam,  at  or  near 
Bohio,  at  least  as  high  as  the  gap.  Until  this  is  done  all  the  work  at 
the  dam  site  will  be  subject  to  interruptions  and  dangers  from  floods 
in  the  Chagres.  There  are  no  special  difficulties  attending  the  con- 
struction of  the  Gigante  Spillway. 

The  Gigante  Spillway  is  an  ideal  arrangement.  When  the  Bohio 
Dam  is  completed  and  the  spillway  built,  the  entire  discharge  of  the 
river  will  be  through  the  Gigante  gap,  and  the  dam  will  be  almost  3 
miles  away  from  what  will  then  be  the  Chagres.  This  gap,  however, 
is  a  comparatively  late  discovery.  All  the  earlier  French  plans  were 
based  on  spillways  on  each  side  of  the  Bohio  Dam,  and  not  far  from 
it,  discharging  into  diversion  channels  on  each  side  of  and  parallel 
with  the  canal.  The  published  plans  of  the  New  French  Company 
show  that  its  engineers  have  failed  to  realize  the  great  advantages  of 
the  Gigante  location;  they  provide  only  for  the  discharge  of  a  portion 
of  the  river  by  this  route,  the  remainder  being  taken  through  a  spill- 
way very  near  the  dam.  The  Gigante  Spillway  is,  however,  a  superb 
solution  of  the  problem  of  the  control  of  the  Chagres,  the  whole 
work  being  done  by  a  fixed  weir  with  no  complication  of  gates  or 
sluices.  A  weir  2  000  ft.  long  can  be  built  here,  which  will  pass  a 
maximum  flood  of  any  probable  duration,  with  a  surface  not  more 
than  5  ft.  above  the  crest  of  the  weir,  and  a  maximum  flood  of  indefi- 
nite duration,  such  as  has  never  been  known,  with  a  surface  barely  7 
ft.  above.  The  discharge  of  the  river  below  can  be  kept  at  a  safe  dis- 
tance from  the  canal,  and  made  to  pass  over  a  low,  marshy  country  of 
little  value. 

The  final  result  of  the  completion  of  the  works  will  be  that  the 
Chagres  will  flow  through  the  Gigante  gap,  where  it  will  pass  over  a 
masonry  dam  founded  on  rock.  Above  this  dam  will  be  a  lake,  about 
40  sq.  miles  in  area,  not  unlike  many  other  artificial  reservoirs  which 
have  been  created  on  rivers.  The  present  valley  will  be  closed  by  an 
artificial  barrier,  this  barrier  being  located  about  2  miles  from  the 
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daring  construction,  a  large  amount  of  heavy  rip-rap  was  to  be  placed 
on  the  down-stream  face,  this  being  designed  principally  to  prevent 
the  destruction  of  the  work  in  case  a  flood  should  pass  over  the  dam 
before  it  was  completed.  The  only  feature  in  which  this  dam  can  be 
said  to  differ  materially  from  many  other  earth  dams  is  the  concrete 
facing  on  the  up-stream  slope,  and  this  must  be  regarded  as  of  doubt- 
ful expediency.  A  rigid  surface  of  this  character  could  not  be  ex- 
peoted  to  adapt  itself  to  the  irregularities  of  settlement,  which  are 
always  likely  to  occur  in  heavy  masses  of  earthwork;  and  cavities 
might  form,  of  which  there  would  be  little  danger  if  the  surface  cov- 
ering were  a  loose  one.  This  dam,  like  other  earth  dams,  would  not 
be  safe  against  an  overflow,  but  it  would  be  tight  in  itself,  and  the 
only  loss  of  water  would  be  that  which  would  percolate  through  the 
permeable  material  in  the  valley  below  the  bottom  of  the  dam.  The 
importance  of  this  seepage  will  be  taken  up  later. 

The  Technical  Commission,  to  whom  the  entire  scheme  of  the  New 
Panama  Company  was  submitted  for  approval,  thought  it  wise  to  limit 
the  head  of  water  against  this  dam  to  about  66  ft.,  or  20  m.  There 
seems  to  have  been  no  reason  for  this  particular  limit,  except  the 
general  judgment,  of  the  engineers  forming  the  Commission,  that  it 
was  not  wise  to  expose  an  earth  dam  to  a  greater  pressure  of  water. 

To  facilitate  the  construction  of  this  dam,  it  was  proposed  to  build 
a  temporary  dam  of  piles,  timber  and  loose  rock  about  2  000  ft.  above 
the  permanent  dam,  and,  during  the  construction  of  the  permanent 
dam,  to  deflect  the  passage  of  the  Chagres  through  the  excavation  made 
for  the  locks,  which  are  but  a  short  distance  away.  Should  an  extreme 
flood  occur,  exceeding  the  capacity  of  this  channel  through  the  locks, 
the  work  at  the  dam  site  would  be  flooded,  and  the  heavy  rip-rap  out- 
side the  proper  limits  of  the  dam  on  the  down-stream  face  was  expected 
to  save  the  works  in  case  of  such  overflow.  After  the  dam  itself 
reached  an  elevation  of  14  m.  (46  ft.),  it  was  calculated  that  there 
would  be  no  further  danger  of  overflow,  and  this  special  protection 
was  not  to  be  carried  above  this  level.  The  construction  of  the  dam 
could  not  really  begin  until  the  excavation  of  the  lockB  had  been  com- 
pleted, and  the  work  on  the  locks  must,  in  a  great  measure,  be  sus- 
pended while  the  dam  is  building.  It  seems  to  be  important  that  these 
two  works  should  be  made  as  far  as  possible  independent,  which 
would  be  accomplished  by  building  a  temporary  dam  of  such  size  that 
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the  diversion  would  be  through  the  Gigante  gap,  instead  of  through 

the  excavation  for  the  locks. 

The  detailed  quantities  involved  in  the  construction  of  this  dam, 

according  to  the  French  estimate,  and  the  estimated  cost  are  as  given 

in  Table  No.  1. 

TABLE  No.  1. 

Earth  excavation,  above  tide  level 400  000  cu.  m.  =  688  200  cu.  yds.  at  90.45  $836  440 

11              "           below    "     "      02  850  "  =    81 488       "       "  1.00  81488 

Rock  excavation 20  800  "  =   27806       "       •*  1.15  81887 

Earth  placed  in  dam 826  100  "  =426589       "       "  0.60  255028 

Concrete  and  masonry  laid  in  mortar..    29  650  •  =   88788       "       "  8.00  810  256 

Revetment  of  loose  rock 16  900  "  =   82 604  sq.  yds.  u  2.00  45808 

Loose  rock  on  down-stream  face 189  800  "  =  188  858  cu.  yds.  u  0.50  91489 

Timber  in  sheet-piling,  etc 8860  "  =     1  885 M.  B.  M."  60.00  88100 

Total 11184  066 

The  prices  in  Table  No.  1  are  those  used  in  the  Isthmian  Canal 
Commission's  Report,  so  far  as  they  are  applicable,  and  they  are  sub- 
ject  to  such  modifications  as  the  judgment  of  engineers  may  think 
right.  This  estimate  includes  no  temporary  work.  This  dam  is  only 
75  ft.  high  above  tide  water,  the  other  designs  being  100  ft.  high.  If, 
for  purposes  of  comparison,  the  estimate  be  increased  in  proportion 
to  the  squares  of  these  heights,  the  cost  of  the  higher  dam,  on  the 
French  plan,  would  be  $2  016  030,  or,  in  round  numbers,  $2  000  000. 

The  Isthmian  Canal  Commission's  Plan. — The  plan  adopted  by  the 
Isthmian  Canal  Commission  was  designed  to  resist  a  normal  head  of 
water  of  90  ft. ,  or  about  25  ft.  more  than  the  limit  arbitrarily  adopted  for 
the  French  dam.  The  design  is  based  on  the  theory  that  the  dam  must 
not  merely  be  tight  in  itself,  but  must  absolutely  close  the  valley,  so 
that  there  will  be  no  seepage  either  through  it  or  below  it.  The  plan 
selected  consists  of  an  earth  dam  20  ft.  wide  on  top,  finishing  10  ft. 
above  high  water  in  the  lake,  with  slopes  of  3  horizontal  to  1  vertical 
on  both  faces,  broken  by  narrow  horizontal  benches,  both  surfaces 
being  revetted  with  loose  rock.  This  dam  encloses  a  masonry  core- 
wall,  8  ft.  thick  on  top  and  30  ft.  wide  at  the  base,  which  would  be 
carried  down  to  the  underlying  bed-rock.  The  location  of  this  dam  is 
shown  in  Fig.  2,  and  the  elevation  and  cross-section  in  Fig.  5.  The 
location  was  selected  as  one  on  which  borings  had  indicated  the 
maximum  depth  of  rook  to  be  the  least,  this  depth  being  129  ft.  below 
tide  water.     The  method  of  construction  would  consist  in  sinking 
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*  writ*  of  pneumatic  caissons,  these  caissons  to  be  the  foundation  of 
ft  *oli<l  concrete  wall,  the  two  together  constituting  the  core- wall. 
The  doMign  involves  the  extension  of  pneumatic  work  to  unprecedented 
ft*|iUiN,  and  involves  special  details  in  making  the  joints  between  the 
(tftiftfton*  tight. 

The  location  selected  for  this  dam  is  below  that  chosen  by  the 
French  engineers,  and  practically  at  right  angles  to  the  French  dam; 
the  length  of  dam,  as  well  as  the  cross-section  of  the  valley,  on  this 
line  being  double  that  on  the  French  location.  The  desire  to  limit 
the  depth  of  pneumatic  work  led  to  the  selection  of  this  line,  but  it 
is  possible  that  additional  borings  might  And  a  deeper  hole  here. 

There  can  be  little  doubt  that  a  dam  of  this  character  could  be 
built.  It  involves  novel  and  untried  features.  Few  engineers,  even 
among  those  who  feel  that  they  could  construct  it,  would  be  ready  to 
say  in  advance  how  the  work  would  be  done.  The  difficulties,  taken 
in  connection  with  the  climate  and  other  surroundings,  are  enormous. 

The  estimated  cost  of  this  dam,  taken  from  the  detailed  estimates 
of  the  Commission,  is  as  given  in  Table  No.  2. 

TABLE  No.  2. 

Earth     excavation    above    tide 

level 255  500  cu.  yds.  at  $0.45  $114  975 

Exoavation  below  tide  level 7  260        "        "    1.00  7  260 

Rock  excavation 5  730        "        "    1.15  6  590 

Pneumatic  work         108  410        "        "  21.50  2  330  815 

Concrete 286  950        "        "    8.00  2  295  600 

Earth  placed  in  dam 1500  000        "        "    0.60  900  000 

Revetment  on  both  sides 107  200  sq.  yds.  "     2.00  214  400 

Total $5  869  640 

The  cost  of  this  dam  could  be  very  much  diminished  by  adopting 
the  French  location,  with  its  reduced  cross-section  of  valley,  and  sink- 
ing the  deeper  caissons  by  dredging  through  wells,  as  has  been  done 
on  many  deep  bridge  foundations,  instead  of  using  the  pneumatic 
process.  With  this  method  there  would  be  less  certainty  of  a  water- 
tight joint  between  the  caissons  and  the  rock,  and  between  the  adja- 
cent caissons.  The  effect  of  the  core-wall  would  be  to  limit  the  deep- 
water  seepage  rather  than  to  close  it  entirely.  In  the  judgment  of 
the  writer,  the  small  difference  between  the  two  would  not  justify  the 
greatly  increased  cost  which  the  Commission's  plan  involves. 
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Tit  Third  Plan.— The  dam  proposed  by  the  writer  is  designed  to 

a  head  of  90  ft.,  or  the  same  as  that  proposed  by  the  Isthmian 

"  commission.     It  is  based  on  diverting  the  Ohagres  through  the 

*   •    *  t*  «*P  during  the  construction  of  the  dam,  and  contemplates 

t  •"  **  *  *  \Um  of  very  large  dimensions,  using  material  which  would 

-^  *  ***v  N*  w**ted,  this  material  consisting  partly  of  rock  from  the 

^^<v«^r  tho  Bohio  Locks  and  partly  of  earth  excavated  from  the 

K^i  x^  tKo  0*11*1.     The  dam  is  designed  to  be  tight  in  itself,  but  no 

.v  ;av^  *»  to  bo  made  to  prevent  seepage  through  the  permeable  ma- 

iv  >  4:4*  KvU>w  tho  bottom  of  the  dam,  except  so  far  as  this  can  be  done 

>>\  *hool  filing.    In  this  respect  this  dam  agrees  with  the  French  plan. 

b'uuhoruuiro*  after  a  careful  study  of  the  various  other  locations  which 

tho  ovtouHivo  borings  made  by  the  Commission  indicated  might  be 

UtttoVt  tho  French  location  has  been  chosen  as  the  one  best  fitted  for 

1%  *tv  not  lire  of  this  kind,  but  the  dimensions  of  the  two  dams  differ  so 

gvoutlv  that  only  a  portion  of  the  section  of  this  dam  really  occupies 

tho  Frouoh  location. 

Tho  general  arrangement  of  this  dam  consists  of  two  rock -fill  dams, 
into  looated  about  200  ft.  above  and  the  other  about  2  000  ft.  below 
tho  French  location.  The  upper  dam  would  finish  at  Elevation  100, 
or  10  ft.  above  the  level  of  the  water  impounded  in  the  lake.  The 
lower  dam  would  finish  at  Elevation  30,  or  70  ft.  below  the  upper  dam. 
The  space  between  the  two  rock -fill  dams  would  be  filled  with  imper- 
meable material,  the  two  dams  being  retaining-walls  which  would  hold 
this  earth  in  position;  the  surface  of  this  earth  filling  would  have  a 
grade  of  ±%  sloping  from  the  lake,  which  is  much  flatter  than  any 
slope  of  saturation.  The  upper  dam  would  abut  against  a  hill  sepa- 
rated from  the  high  country  beyond  it  by  a  gap  lower  than  the  level 
of  the  lake,  and  a  small  rock-fill  dam  of  the  same  description  would 
be  required  in  this  gap.  Another  small  rock-fill  dam  would  be 
required  on  the  down-stream  side  of  the  earth  filling,  at  a  place  where 
the  natural  surface  of  the  ground  is  lower  than  the  proposed  filling. 
All  four  of  these  dams  would  be  of  the  same  class  of  construction, 
although  but  one  of  them  would  be  of  any  considerable  size.  For  con- 
venience, the  upper  dam  is  designated  as  Dam  No.  1,  the  dam  across 
the  gap  as  Dam  No.  2,  the  low  dam  across  the  river  as  Dam  No.  3,  and 
the  side  dam  as  Dam  No.  4.  The  location  of  these  dams  is  shown  in 
Fig.  3,  and  a  cross-section  is  shown  in  Fig. 6. 
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The  four  rock-fill  dams  would  all  be  made  on  the  same  plan;  they 
would  finish  20  ft.  wide  on  top,  with  slopes  of  2  horizontal  to  1  vertical 
on  both  sides,  and  they  would  be  made  entirely  of  loose  rock  taken 
from  the  excavation  for  the  Bohio  Locks,  which  would  be  deposited 
here  in  the  same  way  in  which  rock  fills  are  ordinarily  made.  The 
total  amount  of  excavation  for  the  Bohio  Locks  is  estimated  at  1  064  664 
cu.  yds.  The  estimated  volume  of  the  four  dams  is  555  000  cu.  yds. 
Allowing  for  voids  in  the  dams,  the  excavation  for  the  locks  would 
furnish  three  times  the  amount  of  rock  needed  for  dam  construction. 

On  the  line  of  the  French  location,  and  immediately  below  Dam  No. 
1,  it  is  proposed  to  drive  two  lines  of  sheet-piles,  30  ft.  apart,  from  one 
rock  bank  to  the  other;  these  piles  to  be  60  ft.  long,  driven  50  ft.  below 
tide  water  and  terminating  10  ft.  above  tide  water;  the  object  being  to 
exclude  the  flow  of  water  within  these  limits.  They  will  not  check 
any  flow  of  water  at  a  greater  depth,  but  50  ft.  is  considered  as  great 
a  depth  as  it  is  safe  to  estimate  on  driving.  The  upper  10  ft.  oi  these 
piles  would  be  buried  in  a  puddle  wall,  50  ft.  thick,  which  would  be 
laid  up  as  the  earth  filling  proceeds,  and  would  be  carefully  rolled  and 
compacted  as  it  is  made. 

The  entire  space  bounded  by  the  rock- fill  dams  and  the  hills  which 
they  connect  would  be  filled  with  clay  and  other  earth  excavated 
from  the  canal,  which  would  be  deposited  here  instead  of  being 
wasted  elsewhere;  it  would  generally  be  brought  in  by  trains  from  the 
canal  below  Bohio,  but  if  thought  best  it  could  be  brought  from  the 
great  Culebra  Cut,  the  northern  spoil  bank  from  which  is  only  17 
miles  away.  The  surface  of  this  earth  filling  should  be  planted  with 
some  tropical  grass,  and  carefully  maintained  until  all  danger  of  settle- 
ment or  of  surface  washing  is  over,  when  it  might  be  allowed  to  grow 
up  into  a  forest. 

The  estimated  cost  of  this  dam  is  as  given  in  Table  No.  3. 

TABLE  No.  3. 

Rock-fill  dam  No.  1 450  000  cu.  yds.  at  30.50  8225  000 

"       "    2 27  200      "          "     0.50  13  600 

"       "    3 32  000      "          "     0.50  16  000 

"          "       "4 46  300       "           "     0  50  23  150 

Paddle  wall 150  000      "           "     0.60  90  000 

Earth  filling 2  895  000       "           "     0.25  723  750 

Timber  in  sheet-piling 812  M.  B.  M.  "  60.00  48  720 

Total 81  140  220 
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The  prices  given  for  rook-fill  work  (50  cents  per  onbic  yard),  and 
for  the  earth  filling  (25  cents  per  cubic  yard),  are  considered  very 
liberal,  as  they  coyer  only  the  additional  cost  of  depositing  material 
here  which  would  otherwise  be  wasted  elsewhere.  This  is  especially 
true  with  regard  to  the  rock,  the  locks  being  very  near  the  dam.  The 
price  for  earth  is  equal  to  $2  per  mile  for  train  service  between  the 
Culebra  spoil  bank  and  the  dam.  The  same  price  was  used  for  loose 
rock  deposited  on  the  down-stream  face  of  the  French  dam.  All  other 
prices  in  all  three  estimates  are  the  same  as  those  used  by  the  Isthmian 
Canal  Commission  in  its  report. 

Temporary  Dam. — None  of  the  foregoing  estimates  includes  any 
provision  for  a  temporary  dam  by  which  the  waters  of  the  Chagres 
would  be  diverted  through  some  other  route  during  the  construction 
of  the  permanent  dam.  The  French  plans  contemplated  a  dam  of 
very  small  dimensions,  and  the  temporary  discharge  of  the  Chagres 
through  the  excavation  made  for  the  Bohio  Locks.  Even  with  the 
French  plan  it  would  be  desirable  to  send  the  river  through  the  Gi- 
gante  gap.  To  do  this,  a  dam  must  be  built  which  will  raise  the  level 
of  the  river  above  Elevation  65;  in  other  words,  it  must  perform  the 
same  duties  which  the  permanent  French  dam  was  intended  to  per- 
form, but  the  dam  may  be  of  more  perishable  character  and  a  greater 
seepage  may  be  permitted.  In  northern  climates  tbis  dam  could 
be  built  largely  of  timber,  but  the  life  of  timber  on  the  Isthmus 
is  so  short  that  its  use  must  be  dispensed  with,  even  for  provisional 
work. 

If  the  Commission's  plan  is  adopted,  the  best  location  for  the 
temporary  dam  would  probably  be  about  600  ft.  below  the  location 
of  the  French  dam,  where  the  valley  is  very  narrow.  If  either  of 
the  other  dams  is  built,  a  location  must  be  found  further  up  stream. 
The  position  of  the  temporary  dam  herein  described  is  shown  in 
Fig.  3. 

The  location  selected  crosses  the  river  at  right  angles  about  250  ft., 
above  the  foot  of  the  up-stream  slope  of  rock- fill  Dam  No.  1,  and, 
making  an  angle  near  the  east  bank,  connects  with  the  high  ground, 
beyond.  Bock  is  found  here  at  reasonable  depth  for  the  whole  width 
of  the  river,  though  not]of  the  valley.  The  Chagres  is  about  150  ft., 
wide  at  low  water,  and  the  total  length  of  the  dam  at  Elevation  75  is 
1  400  ft.     The  portion  of  the  dam  across  the  river  proper  must  be  built 
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in  water;  the  portion  beyond  the  limits  of  the  river  can  be  built  on  dry 
land.  The  general  features  of  a  dam  designed  for  this  location  are 
shown  in  Fig.  7.  It  consists  of  two  parts,  a  metal  and  masonry  dam 
extending  across  the  river,  and  an  earth  dam  across  the  bottom  land. 
The  foundation  consists  of  a  series  of  separate  piers,  everywhere 
founded  on  rock,  the  greatest  depth  being  62  ft.  below  mean  tide  and 
70  ft.  below  the  water  in  the  Chagres.  These  piers  are  connected  by 
arches  at  the  top  while  the  spaces  between  them  are  closed  by  masonry 
shutters.  It  is  quite  probable  that  all  these  foundations  could  be  put 
in  with  open  coffer-dams,  but  pneumatic  work  has  been  estimated  on 
for  the  four  deeper  piers.  The  steel  superstructure  would  consist  of  a 
series  of  bents,  spaced  30  ft.  apart,  and  carrying  a  dam  of  steel  plates* 
The  earth  dam  is  an  embankment,  20  ft.  wide  on  top,  with  side  slopes  of 
2  horizontal  to  1  vertical,  a  loose  stone  revetment  on  the  up-stream  side 
and  a  line  of  sheet-piling  driven  along  the  center.  The  earthwork  and 
masonry  could  be  built  at  the  same  time.  The  openings  between  the 
four  piers  are  sufficient  to  pass  the  whole  discharge  of  the  Chagres 
during  the  low-water  season.  The  steel  dam  could  be  erected  in  90 
days;  this  would  be  done  during  the  dry  season,  while  the  river  is 
passing  through  the  sluices.  After  its  completion,  the  sluices  would 
be  closed  by  shutters,  and  the  water  allowed  to  rise  on  the  dam.  The 
estimated  quantities  and  cost  of  this  dam  are  as  given  in  Table  No.  4. 

TABLE  No.  4. 

Pneumatic  excavation. ...  22  180  cu.  yds.,  at  $12.00  $266  160 

Open  excavation  below  tide 

level 1900      "  ««  1.15        2  185 

Concrete  masonry 42  740      "  "  8.00    341  920 

Steel 1  610  000  lbs.,  "  0.075  120  750 


Metal  dam  complete 9731  015 

Earth  embankment 200  000  cu.  yds. "      0.60  9120  000 

Sheet'piling 244M.B.M."    60.00      14  640 

Bevetment 9  900  sq.  yds. "      2.00      19  800 


Earth  dam  complete 154  440 

Total »885  455 
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This  seems  a  very  large  price  for  a  temporary  dam,  and  the  forego- 
ing description  mnst  be  regarded  more  as  a  study  than  as  a  definite 
plan.     It  is  quite  probable  that  a  better  and  more  economical  structure 
could  be  devised.    Furthermore,  if  rock-fill  Dam  No.  1  could  be  com- 
pleted  to  a  safe  height  above  any  possible  overflow  in  a  single  low- 
water  season,  the  necessity  for  the  temporary  dam  might  be  avoided. 
This  rock -fill  dam  complete  is  estimated  to  contain  450  000  cu.  yds., 
and  a  similar  dam  finishing  at  Elevation  75  would  contain  300  000  cu. 
yds.     To  complete  the  latter  in  a  single  dry  season  would  require  an 
average  of  2  000  cu.  yds.  per  day,  which  would  be  active  work,  but  not 
impossible.     The  site  of  the  main  portion  of  the  dam  below  this  rock- 
fill  dam  would  not  thereby  be  rendered  dry,  but  it  would  be  in  a  safe 
condition  for  work. 

Complete  Comparison. — If  this  estimate  be  added  to  the  previous 

estimates  of  the  cost  of  the  three  respective   designs,   calling  the 

French  estimate  $2  000  000  (as  all  permanent  dams  are  supposed  to 

finish  at  Elevation  100),  the  total  cost  of  the  three  would  be  as  given 

in  Table  No.  5. 

TABLE  No.  5. 


French  plan 

Commission's  plan 
Third  plan 


Permanent  dam. 


$2  000  000 
6  8*39  W0 
1  140  820 


Both  dams. 

With  20*  added. 

$2  886  455 
6  755  096 
2  025  675 

$8  462  546 

8  106  114 
2480810 

It  is  probable  that  the  cost  of  the  temporary  dam  to  be  used  in  con- 
nection with  the  Commission's  plan  could  be  somewhat  reduced,  while 
there  is  a  possibility  that  it  could  be  avoided  with  the  third  plan,  but, 
in  a  general  way,  it  may  be  said  that,  in  the  light  of  our  present  knowl- 
edge, the  respective  estimates  should  be,  approximately,  $3  500  000, 
$8  000  000,  and  $2  500  000. 

This,  however,  does  not  tell  the  full  story.  On  the  American 
Isthmus  the  difficulties  attending  the  use  of  skilled  labor  are  very 
great.  The  amount  of  skilled  labor  required  on  the  French  dam  is 
comparatively  small;  the  Commission's  plan  requires  a  large  amount; 
in  the  third  plan  the  use  of  skilled  labor  is  practically  limited  to  the 
construction  of  the  temporary  steel  dam  and  its  masonry  foundation* 
The  third  plan  really  means  the  construction  of  an  elevated  plateau 
of  very  large  dimensions,  the  surface  area  of  the  earth  filling  between 
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the  rook-fill  dams  being  57  acres.  These  dimensions  may  almost  be 
called  stupendous.  The  only  dam  known  of  similar  dimensions  is 
the  so-called  North  Dike  of  the  Wachusett  Reservoir,  at  Clinton, 
Mass.,  the  general  features  of  which  very  closely  resemble  those  of 
the  dam  which  the  writer  proposes  for  Bohio.  The  criticism  which 
has  been  made  on  the  third  plan  is  that  it  permits  seepage  through 
the  permeable  sand  and  gravel  in  the  lower  part  of  the  geological 
valley. 

Seepage. — In  considering  the  effect  of  seepage,  the  absolute  amount 
is  not  so  important  as  the  relative  amount.  The  total  requirements 
of  the  canal  have  been  estimated  as  1  000  cu.  ft.  per  second,  of  which 
less  than  500  cu.  ft.  would  be  used  for  lockage  and  200  cu.  ft.  are 
required  for  evaporation,  leaving  more  than  300  cu.  ft.  for  leakage, 
seepage  and  other  undetermined  losses.  This  quantity  (1  000  cu.  ft. 
per  second)  is  equivalent  to  28.3  cu.  m.  per  second,  which  seems 
very  small.  On  the  other  hand,  it  is  equivalent  to  650  000  000  galls, 
per  day,  which  exceeds  the  water  supply  ever  furnished  to  any  city 
in  the  world;  it  is,  in  fact,  an  enormous  quantity.  Except  for  four 
months  in  the  year,  the  discharge  of  the  Chagres  very  greatly  exceeds 
this  amount,  and  it  is  possible  by  additional  storage  to  provide  a 
supply  at  all  times  of  about  2  500  cu.  ft.  per  second.  A  loss  by 
seepage,  which  might  prove  fatal  under  a  dam  sustaining  a  reservoir 
for  the  supply  of  a  fairly  large  city,  would  be  comparatively  harmless 
in  the  present  case. 

Either  dam  proposed  would  itself  be  practically  impervious.  The 
puddle  wall  in  the  last  design  may  be  considered  entirely  so,  and  the 
filling  generally  would  consist  of  water-tight  earth,  loose  sand  and 
gravel  being  excluded.  The  rock-fill  dams  at  the  two  ends  are  loose, 
and  would  pass  water,  but  the  entire  structure,  including  the  rock- 
fill  dams,  would  be  founded  on  water-tight  earth,  which  forms  a  thick 
blanket  over  the  sand  and  gravel  below.  The  distance  between  the 
up-stream  slope  of  Dam  No.  1  and  the  down-stream  slope  of  Dam 
No.  3  is  2  400  ft.  in  a  straight  line;  the  actual  distance  which  water 
must  travel  to  pass  between  these  points  is  at  least  £  mile.  To  this 
should  be  added  the  distance  from  the  dam  to  the  place  above,  where 
the  geological  channel  may  connect  with  the  present  river;  this 
distance  is  not  accurately  known,  but  it  oan  hardly  be  less  than 
£  mile;  in  calculating  the  seepage,   however,  it  has  been  entirely 
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neglected,  and  the  distance  which  water  must  travel  through  a  bed 
of  sand  and  gravel  has  been  assumed  to  be  2  500  ft. 

On  the  line  of  the  puddle  wall,  the  cross-section  of  the  valley, 
above  the  rock  and  below  the  line  of  sheet-piling,  is  23  000  sq.  ft. 
At  a  place  300  ft.  farther  down  the  valley  the  borings  showed  a  cross- 
section  of  10  000  sq.  ft.  of  permeable  material.  Borings  at  other 
points  indicate  that  this  is  probably  a  fair  average  of  the  amount  of 
permeable  material  through  the  entire  distance.  For  purposes  of 
calculation  this  amount  has  been  doubled,  and  20  000  sq.  ft.  assumed 
as  the  average  cross-section.  The  question  to  determine,  then,  is  the 
amount  of  water  which  will  filter  through  a  bed  of  sand  2  500  ft.  long, 
with  a  cross-section  of  20  000  sq.  ft. 

Seepage  has  generally  been  considered  a  matter  which  must  be  guessed 
at,  rather  than  calculated,  and  the 'opinions  of  engineers  have  differed 
greatly  as  to  what  it  would  probably  be.  The  introduction  of  filtering 
plants,  however,  has  led  to  experiments  on  the  action  of  different 
sands  in  filter  beds,  and  these  experiments,  while  limited  in  dimen- 
sions, have  given  comparatively  definite  results,  which  seem  applicable 
here.  In  fact,  these  experiments  bear  at  least  as  close  relations  to 
the  case  in  hand  as  the  hydraulic  experiments  by  which  weir  formulas 
have  been  determined  bear  to  a  dam  across  a  great  river.  So  far  as 
there  are  any  indications,  it  would  appear  to  be  probable  that  these 
filter-bed  formulas,  when  applied  to  sand  beds  of  very  great  thickness, 
will  give  results  too  high,  rather  than  too  low.  The  formula  deduced 
from  experiments*  made  by  Allen  Hazen,  M.   Am.   Soc.   C.  E.,  is 

V-Ca    I  60 

in  which  Fis  the  speed,  in  meters  per  day,  at  which  the  water  will 
issue  from  the  entire  cross-section  of  sand;  cisa  constant,  varying 
from  450  to  1  200,  according  to  the  cleanness  of  the  sand;  d  is  the 
effective  diameter  of  the  sand,  in  millimeters;  h  is  the  head;  /is  the 
distance  which  the  water  must  pass  through  the  sand,  and  t  Fahr.  the 
temperature  of  the  water,  in  degrees  Fahrenheit.  The  effective 
diameter  is  the  diameter  of  a  sphere  the  volume  of  which  is  greater 
than  that  of  the  grains  which  form  one-tenth  of  the  weight,  and  less 
than  that  of  the  grains  which  form  nine-tenths  of  the  weight  of  the 
whole  mass. 

*  Report  of  Massachusetts  State  Board  of  Health,  1890,  page  668. 
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Putting  c  =  1  000;  h  =  90;  1  =  2  500,  and  <  Fahr.  =  90,  the  for- 
mula becomes 

_       ,2 1  000  X  90  X  90        _  # 

V=d        2500X60       =54^ 

If  F,  represents  the  speed,  in  feet  per  second,  we  have 

Vs  =  0.000039  V  =  0.002  d2. 

The  value  of  d  is  determined  by  an  inspection  of  the  sand  and 
gravel.  Eight  different  specimens  of  sand  and  gravel  taken  from  bore 
holes  were  analyzed  by  Mr.  Allen  Hazen,  and  the  effective  diameters 
reported  as  follows:  1.3,  2,  0.9,  0.22,  1.6,  0.38,  0.49,  0.57.  The 
average  of  these  is  0.93,  but,  if  they  are  averaged  by  their  squares,  the 
average  is  1.11.  As  these  were  selected  as  specially  coarse  specimens, 
they  undoubtedly  give  a  much  higher  value  than  that  of  the  average 
material  in  which  the  flow  in  the  pipes  was  lost.  Furthermore,  they 
are  all  washed  specimens  brought  up  from  the  bottom,  and  do  not 
fairly  represent  the  actual  condition  of  the  material  in  position.  If 
the  value  of  d  be  assumed  as  1  mm. ,  which  is  only  10%  less  than  the 
average  by  squares,  the  value  is  probably  at  least  double  that  which 
actually  exists.     Putting  d  =  1,  we  have 

Vt  =  0.002. 

Applying  this  value  of  Vg  to  the  assumed  cross-section  of  permeable 
material  (20  000),  the  total  seepage  would  be  40  cu.  ft.  per  second,  an 
insignificant  amount  compared  with  the  total  water  consumption  of 
the  canal.  It  is  only  about  one-fifth  that  required  for  evaporation. 
Furthermore,  it  is  probable  that  this  amount  is  grossly  over-estimated. 
If  the  value  of  d  be  taken  at  0.5,  the  value  of  c  at  500,  and  the  value  of 
/  at  5  000,  this  seepage  will  be  reduced  to  2 J  cu.  ft.  per  second.  Even 
if,  at  the  beginning,  the  conditions  agree  with  this  assumption,  the 
sediment,  in  the  flood  water  of  a  few  years,  will  change  the  value  of 
the  several  constants  to  those  last  named.  As  these  conclusions  may 
be  considered  remarkable,  it  is  thought  worth  the  while  to  call  atten- 
tion again  to  the  large  figures  with  which  we  are  dealing.  The  quantity 
i  cu.  ft.  per  second  is  about  1  600  030  galls,  per  day,  an  adequate 
water  supply  for  a  manufacturing  town  of  40  000  people,  or  for  the 
whole  population  now  living  on  the  Isthmus. 

The  speed  at  which  40  cu.  ft.  would  issue  from  a  surface  equal  to 
the  cross-section  of  the  permeable  material  is  0.002  ft.  per  second. 
The  rate  at  which  it  travels  through  the  voids  in  the  sand,  however,  is 
very  much  greater,  but  would  not  exceed  0.008  ft.  per  second,  or  £  in. 
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per  minute,  being  about  the  speed  of  the  minute  hand  of  a  fair-sized 
clock.  While  a  large  aggregate  of  water  can  pass  through  a  large 
section  of  sand  at  this  low  speed,  the  speed  is  not  enough  to  move  any 
material  except  on  an  open  exposed  face  of  comparatively  steep  slope. 
As  the  outlet,  if  any  exists,  is  considerably  below  tide  level,  such 
disturbance  is  impossible. 

Wachusett  Reservoir. — Reference  has  already  been  made  to  the 
North  Bike  of  the  Wachusett  Reservoir,  near  Clinton,  Mass.,  where 
the  situation  bears  a  striking  resemblance  to  that  at  Bohio.  In  both 
instances  a  large  reservoir  or  lake  is  created  by  a  dam  across  a  river, 
and  in  both  instances  this  dam  must  be  supplemented  by  an  embank- 
ment or  another  dam  across  a  gap  lower  than  the  level  of  the  lake. 
At  the  Wachusett  Reservoir,  the  masonry  dam  closes  the  present 
channel  of  the  river,  and  the  dike  or  embankment  is  across  a  low  gap 
which  marks  the  site  of  the  geological  valley.  On  the  Isthmus,  the 
masonry  dam  is  across  the  low  gap,  and  becomes  the  spillway,  while 
the  embankment  is  across  the  present  river,  but  not  across  the  river 
as  it  will  be  when  the  works  are  completed.  At  the  Wachusett 
Reservoir,  the  geological  valley  was  filled  with  drift,  and  the  deflec- 
tion to  the  site  of  the  masonry  spillway  was  made  by  glacial  action. 
On  the  Isthmus,  the  deflection  from  the  geological  valley  to  the  site 
of  the  spillway  must  be  made*  by  artificial  means,  no  glaciers  ever 
having  reached  that  tropical  country.  When  the  work  is  done,  the 
two  conditions  will  be  substantially  the  same. 

The  head  of  water  on  the  two  sides  of  the  dams  will  not  differ  in 
the  two  locations  enough  to  affect  the  percolation  materially,  the  water 
in  the  Wachusett  Reservoir  being  more  than  100  ft.  above  the  water  in 
the  river  below,  although  the  actual  height  of  the  embankment  on  its 
immediate  location  is  somewhat  less.  The  depth  of  the  geological 
valley  is  much  greater  at  Clinton  than  at  Bohio,  as  is  also  the  cross- 
section  of  the  permeable  material.  For  the  purpose  of  comparison, 
the  two  cross-sections  have  been  drawn  on  the  same  scale  in  Fig.  8. 

The  dams  differ  principally  in  the  character  of  the  material  used 
for  their  construction.  In  place  of  rock-fill  dams,  gravel  embank- 
ments are  being  used  at  Clinton;  and,  in  place  of  material  taken  from 
the  canal,  the  strippings  of  the  lake,  or  surface  soil  with  a  considerable 
amount  of  vegetable  mould,  have  been  used  for  filling  between  these 
embankments.  The  same  principles  govern  the  percolation  and 
seepage  in  both  cases. 
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To  be  Presented  March  19th,  1902. 


In  undertaking  the  labor  of  preparing  a  paper  on  this  subject  the 
writer  was  influenced  by  the  hope  that  a  full  description  of  the  methods 
used,  combined  with  an  exhibition  of  the  results  obtained  under 
somewhat  unfavorable  circumstances,  together  with  a  few  remarks  re- 
garding the  errors  involved  and  the  probable  accuraoy  attainable 
under  more  favorable  conditions,  might  lead  to  further  investigation 
along  this  line,  supplying  reliable  data  as  to  the  fiber  stress  in  columns, 
the  extent  of  stress  induced  in  members  and  details  of  structures  by 
the  impact  and  vibration  under  rolling  loads,  together  with  some  in- 
sight as  to  the  magnitude  of  secondary  stress,  resulting  from  the 
character  of  the  details  used. 

Further,  as  will  be  noted  later  in  the  paper,  this  method  appears 
to  throw  some  light  on  the  limits  at  which  molecular  fatigue  com- 
mences to  appear,  confirming  Bauschinger's  suggestion  that  in  Wohler's 
experiments,  in  which  bars  broke  nominally  below  the  elastic  limit 
of  the  material,  there  is  reason  for  concluding  that  the  loads  were 
really  greater  than  the  true  elastic  limits  of  the  bars. 

Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may 
be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published 
in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers  with  dis- 
cussion in  full  will  be  published  in  Transactions. 
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Methods  of  Measurement. — In  the  measurement  of  stress  by  thermo- 
electric means,  two  radically  different  methods  may  be  used. 

A. — By  relative  measurement  of  the  temperature  change  in  the 
bar  when  the  load  is  applied  or  removed.  This  method  is  applicable 
only  while  the  load  is  being  applied  or  removed,  and  cannot  be  used 
at  any  time  thereafter,  as  the  thermal  change  in  the  bar  is  gradually 
dissipated  by  radiation. 

B. — By  measurements  indicating  the  extent  of  the  temporary 
change  in  the  thermo-electric  intensity  of  the  bar,  due  to  the  stress 
applied.  This  change  subsists  as  long  as  the  constraining  force  is 
kept  applied,  and  hence  the  method  is  applicable  to  the  measurement 
of  either  live  or  dead-load  stresses. 

In  the  work  done  thus  far  by  the  writer,  measurements  by  the  first 
method  have  been  reduced  to  a  basis  approaching  scientific  accuracy, 
while  sufficient  work  only  has  been  done  by  the  second  method  to  indi- 
cate its  practicability  with  suitable  apparatus,  and  give  reason  for 
thinking  that  the  same  amount  of  time  spent  in  improving  the  method 
of  operation  will  place  it  on  nearly  an  equal  footing  with  direct  ther- 
mal measurement. 

Returning  now  to  the  first  method :  The  general  law  upon  which 
the  thermal  measurement  of  stress  depends  may  be  stated  as  follows : 
Any  substance  which  expands  upon  being  heated  absorbs  heat  (i.  e. , 
grows  cooler)  upon  being  stretched,  and  vice  versa. 

Sir  William  Thomson  (Lard  Kelvin)  has  developed*  the  mathemati- 
cal theory  of  the  thermo-elastio  properties  of  matter,  and  has  demon- 
strated the  following  formula  as  applicable  to  the  phenomena  in 
question : 

H=    tpe    ■ 


JSW9 
where  H  =  thermal  increase,  in  degrees  Centigrade; 

t  =  temperature,  Centigrade,  from  absolute  zero; 
J  ==  the  mechanical  equivalent  of  the  thermal  unit; 
p  =  pressure  applied,  in  pounds,  positive  if  compression  and 

negative  if  tension ; 
e  =  the  longitudinal  expansion  per  degree  Centigrade; 
S  =  the  specific  heat; 
and  W  =  the  weight,  in  pounds  per  foot  of  length  of  bar. 

*  Quarterly  Mathematical  Journal,  April,  1865;  reprinted  in  the  Philosophical  Maga- 
zine, 1878. 
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This  change  in  temperature,  as  would  be  inferred  from  the  undu- 
latory  theory  of  heat,  takes  place  instantaneously,  with  the  application 
of  the  pressure,  or  load,  p,  and  is  subject  to  the  usual  laws  of  radiation. 
Since  the  temperature  change  is  very  small,  Newton's  Law  of  Cooling 
may  be  taken  to  apply  exactly,  namely :  The  amount  of  heat  gained 
or  lost  by  a  body  in  a  given  time  is  proportional  to  the  difference  in 
temperature  between  the  body  and  the  surrounding  medium.  Hence, 
if  two  loads,  of  different  magnitudes,  are  gradually  applied  in  equal 
periods  of  time,  the  temperature  changes  in  the  bar  for  the  respective 
loads  will  be  strictly  in  proportion  to  the  loads,  notwithstanding  the 
radiation  going  on  while  the  loads  are  being  applied. 

t  T)  S 

The  formula,  H  =  ,  ^  _ ,  is  rigidly  exact  for  any  solid  only  for 

an  infinitesimal  increment  in  p;  but,  with  steel,  the  variation  within 
the  elastic  limits  would  be  extremely  small,  and  may  be  taken  as  ex- 
actly proportional  to  the  pressure  or  load  applied,  and,  as  we  are 
interested  only  in  relative  measurements,  no  error  is  involved. 

As  i7  depends  on  t,  the  temperature  of  the  bar  at  the  time  the  load 
is  applied,  this  temperature  should  be  noted,  if  readings  taken  at  dif- 
ferent temperatures  are  to  be  compared.  Thus,  if  the  value  of  abso- 
lute zero  be  taken  at  —  276.7°  Cent.,  and  one  set  of  measurements  is 
taken  at  23.3°  Cent.,  and  another  at  24.3°  Cent.,  the  latter,  for  the 
same  loads,  should  be  £  of  1%  greater,  if  no  error  has  been  made  in 
the  work.  As  t  would  probably  not  vary  greatly,  this  percentage  per 
degree  Centigrade  is  sufficiently  accurate  for  most  purposes. 

The  magnitude  of  the  temperature  change,  H,  may  be  best  illus- 
trated by  a  few  figures.  Take  the  temperature  of  a  bar  at  19.3°  Cent., 
p  at  1  lb.,  and  the  area  of  the  bar  at  1  sq.  in.,  and  we  have,  for  mild  steel, 

„      (276.7  +  19-3)  x  1  X  0.00001142       A  AAAnn.Kf7n  ~     .      A,      4 
H=  -  -  uod  x  0.11^37347  -  -  =  000000657°  Cent"  the  tem" 

perature  change  for  a  change  in  stress  of  1  lb.  per  square  inch. 

To  one  not  familiar  with  thermo-electric  work,  this  temperature 
change  per  pound  per  square  inch  would  seem  to  be  much  too  small 
to  admit  of  measurement,  but  this  is  by  no  means  the  case,  if,  in  con- 
nection with  the  thermo-pile,  there  is  used  a  galvanometer  as  sensitive 
as  a  Thomson  astatic.  The  range  through  which  we  may  measure, 
nowever,  will  be  correspondingly  small,  as  may  be  best  illustrated  by 
the  result  of  the  following  teBt,  by  Mr.  Mclntyre  and  the  writer,  using 
a  fairly  sensitive  adjustment  of  an  Elliott  Brothers'  instrument. 
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On  application  of  a  load  of  about  30  lbs.  per  square  inch  on  the 
bar,  a  deflection  (scale  reading)  of  more  than  60  cm.  'was  noted  (a 
deflection  which  is  nearly  the  maximum  -which  may  be  read).  This 
is  at  the  rate  of  2  cm.  per  ponnd  per  square  inch;  and,  as  0.3  mm.  is 
a  very  appreciable  deflection,  we  wonld  readily  note  a  change  in 
temperature  in  the  bar  of  one  ten-millionth  part  of  1°  Cent.,  caused 
by  the  application  of  a  load  of  about  J  oz.  per  square  inch,  and  this 
is  by  no  means  the  limit. 

For  practical  purposes,  however,  we  would  of  course  desire  to 
take  the  measurements  through  a  range  of  several  thousand  pounds 
per  square  inch,  and  an  adjustment  which  would  give  a  deflection  of 
2  cm.  per  1  000  lbs.  would  be  suitable.  Now,  with  such  an  adjust- 
ment we  would  endeavor  to  read  to  0.1  mm.,  which,  with  this  adjust- 
ment, would  correspond  to  about  5  lbs.  per  square  inch,  giving  a 
temperature  change  of  a  little  more  than  three  hundred  thou- 
sandths of  1°  Cent.  This  being  the  probable  error  of  reading 
with  such  an  adjustment,  the  percentage  of  error  in  the  reading  would 
decrease,  the  greater  the  deflection,  being  =fc  0.5%  for  1  000  lbs., 
and  db  0. 1%  for  5  000  lbs. ,  per  square  inch,  etc. 

Apparatus. — The  necessary  apparatus  will  now  be  described  in 
detail.  It  consists  of  a  thermo-pile,  or  junction,  attached  to  and 
insulated  from  the  bar,  in  circuit  with  a  suitable  galvanometer,  pro- 
vided with  the  usual  reading  scale  and  telescope  for  reading  the 
deflections.  In  the  experiments,  given  the  load  was  applied  to  the 
bar  by  an  Olsen  testing  machine,  and  weighed  off  as  carefully  as 
possible.  A  wire  index  was  attached  to  the  end  of  the  scale  beam, 
and  a  scale  was  fastened  to  the  standard,  in  order  to  enable  the 
operator  to  weigh,  as  accurately  as  possible,  the  load  applied. 

In  the  writer's  early  work  in  this  line  the  galvanometer  used  was 
a  Thomson  astatic,  manufactured  by  Elliott  Brothers.  While  this  is 
an  excellent  instrument,  it  is  more  sensitive  than  necessary,  and  has 
the  serious  disadvantage  of  being  affected  by  the  slightest  external 
magnetic  or  electrical  disturbance.  Hence,  in  the  later  work,  a 
D'Arsonval  type  of  galvanometer  was  used,  which,  from  the  character 
of  its  construction,  is  practically  uninfluenced  by  conditions  which 
would  render  a  Thomson  useless. 

The  D'Arsonval  type  consists  of  a  permanent  horse-shoe  magnet, 
between  the  poles  of  which  is  suspended  by  a  bronze  fiber  a  coil  of 
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copper  wire.  The  current  passes  down  the  fiber  and  through  the 
coil,  and  the  coil  tends  to  place  itself  at  right  angles  to  the  lines  of 
force  of  the  magnetic  field.  As  the  coil  turns  it  is  resisted  by  the 
torsion  of  the  fiber. 

Assuming  the  field  to  be  constant,  the  torsional  resistance  of  the 
fiber  is,  within  the  elastic  limits,  in  proportion  to  the  deflection  angle, 
/\,  while  the  lever  arm  of  the  deflecting  force  is  cosine  /\.  Hence,  the 
current  strength  is  in  proportion  to  the  angle,  /\,  divided  by  the  cosine 
A,  while  the  readings  (the  zero  being  at  the  center  of  the  scale)  are 
to  each  other  as  the  tangents  of  twice  the  deflection  angles. 

Were  the  field  strictly  uniform,  the  mathematical  corrections  to 
the  readings  could  be  readily  made  and  applied.  The  assumption, 
however,  that  we  have  a  constant  field  may  be  far  from  exact,  and 
should  be  investigated  experimentally. 

Using  a  standard  cell,  giving  a  constant  current,  we  may,  by  the 
use  of  suitable  resistance  boxes,  arrange  to  shunt  but  a  small  fraction 
of  the  current  through  the  galvanometer,  and,  by  varying  the  resist- 
ance, may  vary  the  current  passing  through  the  main  circuit;  then, 
placing  a  standard  ammeter  in  the  main  circuit,  we  can  measure  the 
current,  and,  by  comparing  the  galvanometer  deflections  with  the 
readings  for  current  strength,  we  may  determine  the  galvanometer 
corrections. 

As  we  cannot  read  the  ammeter  with  the  same  precision  that  we  can 
read  the  galvanometer,  it  is  better  to  use  a  large  tangent  galvanometer 
in  place  of  an  ammeter,  where  this  type  of  instrument  would  not  be 
disturbed  by  earth  currents,  caused,  as  was  the  case  in  the  laboratory 
where  the  writer  worked,  by  the  proximity  of  electrio  street-railway 
lines,  which  prevented  a  more  accurate  investigation  of  the  instru- 
ments used. 

The  temperature  correction,  in  the  comparison  of  measurements 
made  at  different  temperatures,  has  been  noted,  but  it  should  also  be 
noted  that  any  change  in  temperature  changes  the  resistance  of  the 
copper  wires  in  the  circuit  and  coil,  and  a  correction  should  be  made  for 
this,  where  the  accuracy  of  the  work  would  warrant  such  a  refinement. 

The  most  difficult  correction  to  deal  with  satisfactorily  is  that  of 
time  or  radiation,  since  the  measurements  depend  on: 

1.  The  temperature  change  in  the  bar,  which  is  effected  by 
radiation; 
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2.  On  the  conduction  of  this  temperature  change  to  the  end  of  the 
pile  next  to  the  bar,  through  the  insulating  material; 

3.  On  the  time  required  for  the  galvanometer  to  register  the  full 
amount  of  deflection. 

In  the  experiments  presented  in  this  paper,  the  time  recorded  is 
that  from  the  time  of  starting  to  apply  the  load  until  the  reading  was 
taken,  and  an  attempt  was  made  to  determine  the  percentage  of  error 
involved  for  a  given  percentage  of  increase  or  decrease  in  the  time 
noted  for  each  application  of  the  load.  One  of  the  difficulties  of  doing 
this  accurately  lies  in  the  fact  that  the  galvanometer  reading  is  nearly 
stationary  for  a  second  or  two  at  or  close  to  the  maximum,  and  it  is 
difficult  to  determine  the  time  exactly. 

Where  the  time  of  application  of  the  load  is  short,  say,  25  to  35  or 
40  seconds,  a  considerable  difference  in  the  observed  time  appeared  to 
make  little  or  no  appreciable  difference ;  while,  where  the  application 
of  the  load  was  made  at  a  much  slower  rate,  say,  1  minute  to  1  minute, 
20  seconds,  a  variation  of  10  or  12  seconds  appeared  to  make  a  quite 
regular,  though  small,  percentage  of  difference  in  the  reading  for  a 
number  of  experimental  determinations. 

One  feature  of  the  apparatus,  which  was  given  much  thought  and 
attention,  was  the  proper  method  of  attaching  the  junction,  and  the 
method  finally  used  was  somewhat  novel. 

In  the  writer's  early  work,  difficulty  was  experienced  with  the 
antimony -bismuth  pile  by  its  getting  in  contact  with  the  bar,  and 
short-circuiting,  thus  making  the  readings  unreliable;  then,  if  he 
tried  to  compare  different  readings,  the  distance  or  air  space  be- 
tween the  end  of  the  pile  and  the  bar  might  have  varied,  and  the 
results  could  not  be  compared  with  a  high  degree  of  accuracy. 

Again,  air  being  a  poor  conductor  of  heat,  the  results  were  not 
altogether  satisfactory  from  this  standpoint.  To  obviate  this  the 
bar  was  given  a  coat  of  shellac,  and  the  thermo-pile  applied.  By  this 
means  much  better  results  were  secured.  It  appeared,  however,  that 
a  little  difference  in  the  thickness  of  the  coating  of  shellac  and  in  the 
time  which  it  had  been  allowed  to  dry  made  some  little  difference  in  its 
conductivity,  and  an  attempt  was  next  made  to  make  the  junction 
with  gum-arabic  in  place  of  shellac,  using  a  very  thin  piece  of  paper 
coated  on  each  side,  moistened,  and  applied  to  the  bar,  and  the  thermo- 
pile pressed  against  the  other  side. 
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This  not  proving  wholly  satisfactory,  rubber  cement  was  used  for 
the  junction.  It  was  found  that  this  could  be  applied  quickly,  would 
dry  in  a  few  minutes,  and,  as  it  gave  a  thin  uniform  coating,  measure- 
ments with  different  junctions  could  be  compared  with  a  fair  degree 
of  accuracy.  The  thermo-pile  was  held  in  place  on  the  bar  by  elastic 
bands. 

In  addition  to  the  cap  over  the  outer  end  of  the  pile,  to  protect  it 
from  air  currents,  the  head  of  the  machine  was  wrapped  with  heavy 
asbestos  board  and  carpeting,  and,  in  order  to  keep  note  of  any 
temperature  change  that  might  occur,  a  thermometer  was  inserted 
through  the  covering,  and  read  at  intervals,  while  a  thermometer  was 
placed  outside  in  order  to  keep  note  of  temperature  changes  in  the 
room. 

The  laboratory  where  the  experiments  were  performed,  while 
admirably  equipped  for  the  purposes  intended,  presented  few  ad- 
vantages for  the  work  in  hand  except  the  convenience  of  the  Olsen 
testing  machine.  The  room  itself  was  subject  to  air  currents  and  con- 
siderable temperature  changes,  and  the  galvanometer,  instead  of  hav- 
ing a  specially  prepared  masonry  base  on  which  to  stand,  was  set  up 
on  the  plank  floor.  A  further  disadvantage  of  earth  currents,  due  to 
electric  street-railway  traffic,  has  been  referred  to. 

Fig.  1,  Plate  I,  is  a  side  view  of  the  large  testing  machine  used, 
with  the  covering  of  the  head  not  yet  applied.  It  shows  a  thermo-pile 
attached  to  each  side  of  the  bar.  The  wire  index  and  scale,  to  assist 
in  weighing  accurately,  may  be  seen  at  the  right. 

Fig.  2,  Plate  I,  shows  the  machine  in  the  background,  with  the 
head  covered,  and  in  the  foreground  the  two  galvanometers  and  the 
telescopes  with  scales  for  reading  the  deflections.  The  large  galvano- 
meter at  Jtke  left  is  a  Queen  instrument,  the  field  of  which  was  found 
to  be  very  nearly  constant,  the  readings  requiring  but  slight  correc- 
tions. The  instrument  to  the  right  is  a  small  Knott  galvanometer. 
The  field  magnet  of  this  consists  of  three  steel  horse-shoe  magnets  a 
small  distance  apart,  and,  as  would  be  expected,  the  field  was  not  ex- 
actly constant,  and  further,  the  suspending  fiber,  being  very  short, 
was  more  easily  over* strained,  and  was  less  reliable.  Hence,  the 
results  with  the  small  galvanometer  are  not  nearly  so  reliable  as 
those  obtained  with  the  Queen  instrument,  and  its  use,  where  two 
sets  of  readings  were  taken,  was  more  as  a  check  to  determine  whether 
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the  bar  was  in  bending  or  not.  The  importance  of  this  can  better  be 
understood  bj  bearing  in  mind  the  fact  that  the  readings  represent 
the  mean  fiber  stress  on  the  bar  only  in  so  far  as  the  load  is  uniformly 
distributed  over  the  section  of  the  bar;  thus,  if  the  bar  were  slightly 
bent  the  tension  would  be  considerably  greater  on  one  side  than  on  the 
other,  by  the  amount  of  bending  in  the  bar,  and  this  difference  would  be 
indicated  by  comparing  the  readings  of  the  two  galvanometers,  and 
would  be  particularly  noticeable  as  the  bar  straightened  out  under 
increased  load.  In  other  words,  the  galvanometer  readings  indicate 
the  average  fiber  stress  immediately  under  the  area  covered  by  the 
thermo-pile.  Where  the  chucks  are  not  exactly  in  line  with  the  bar 
a  certain  amount  of  bending  may  result  from  this  cause.  Some  of 
the  bars  were  planed  and  some  were  rough,  as  is  noted  in  the 
description. 

Plate  II  shows  the  small  Olsen  testing  machine. 

For  the  benefit  of  any  who  may  be  interested  in  experimental 
work  in  this  line,  a  statement  of  the  cost  of  the  necessary  apparatus 
may  be  of  interest,  and  the  following  figures  are  approximately 
correct: 

Queen  D'Arsonval  galvanometer $40.00 

Telescope  and. scale 36 . 00 

Stand 5.00 

Antimony-bismuth  thermo-pile,  36  couples,  about 30.00 

Wire 0.50 

Rubber  cement 0.25 

Benzine   0 .  25 

Total $111.00 

For  work  such  as  the  writer  has  endeavored  to  do,  duplicate  appa- 
ratus would  be  found  more  desirable  than  the  use  of  galvanometers  and 
piles  of  different  size  and  make.  Thus,  the  large  thermo-pile  noted  had 
49  couples,  the  small  thermo-pile  had  25. 

The  experiments  given  cover  only  tensile  stresses.  The  writer  had 
made,  previously,  a  number  of  experiments  on  short  bars  in  com- 
pression, sufficient  to  determine  the  general  character  of  the  thermal- 
stress  curve  in  compression,  but,  as  compressive  tests  are  far  more 
difficult  to  make  accurately  than  tensile  tests,  and  the  writer's  time 
was  limited,  none  was  attempted  for  this  paper. 
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Thermal  Stress  Curve. — The  mathematical  law  of  change  in  tern* 
perature  with  the  application  of  compressive  or  tensile  stress  has  been 
noted,  and  attention  will  now  be  called  to  the  limits  within  which  this 
law  holds  good. 

In  soft  steel  of  good  quality,  ranging  from  50  000  to  58  000  lbs.  per 
square  inch,  ultimate  strength,  this  limit  appears  to  be  from  18  000  to 
28  000  lbs.  per  square  inch.  When  the  pull  exceeds  this  limit  the  tem- 
perature ohange  is  no  longer  proportional  to  the  pull  or  load  applied. 
The  curve  deviates  from  a  straight  line,  at  first  slowly,  then  more  and 
more  rapidly  as  the  yield  point  is  approached,  when  heat  is  rapidly 
generated. 

For  medium  steel  from  60  000  to  70  000  lbs.  ultimate  strength,  this 
thermal  limit  of  proportionality  is  considerably  higher,  from  28  000  to 
about  27  000  lbs.  per  square  inch,  and  when  the  stress  exceeds  this 
limit  the  curve  appears  to  deviate  more  rapidly  from  the  straight  line 
than  is  the  case  with  the  softer  and  tougher  metal.  When  the  yield 
point  is  reached,  or  approached  closely,  heat  is  generated  more  rapidly 
than  is  the  case  with  the  softer  metal. 

Under  compression,  the  metal  under  stress  grows  slowly  and  regu- 
larly warmer,  in  proportion  to  the  pressure  applied,  until  approxi- 
mately in  the  vicinity  of  these  limits,  when  the  temperature  increase 
is  at  a  considerably  more  rapid  rate,  and,  as.  the  yield  point  is 
approached,  there  is,  as  was  the  case  in  the  tensile  test,  a  rapid 
rise  in  temperature. 

Fig.  1  shows  typical  thermal-stress  curves  in  tension  and  com- 
pression. 

Relation  of  the  Thermal  Limit  of  Proportionality  to  Fatigue.  — Referring 
to  Fig.  1,  it  will  be  noted  that  the  thermal  limit  of  proportionality  is 
lower  than  what  is  usually  considered  the  true,  primitive  elastic  limit 
of  the  metal,  and  the  question  as  to  the  reason  naturally  arises;  and, 
further,  what  is  going  on  within  the  metal  and  between  the  molecular 
groups  that  caused  the  deviation  of  the  thermal  curve  from  a  straight 
line? 

Evidently,  were  there  any  cause  producing  heat,  it  would  offset  the 
cooling  effect  of  stretching  the  metal.  Now,  it  is  known  that  as  the 
yield  point  is  reached  there  is  a  very  considerable  amount  of  heat 
generated,  accompanying  the  breaking  down  of  the  structure  of  the  bar 
and  the  flow  of  the  metal,  and  it  may  well  be  inquired  whether  this 
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limit  of  thermal  proportionality  marks  the  incipient  stage  of  this 
change  in  structure  under  stress.  If  this  be  the  case,  then  this  limit 
should  agree  closely  with  Wohler's  range  for  unlimited  repetition  for 
alternating  stresses,  which  appears  to  be  the  case. 

,  Further,  if  the  deviation  of  the  thermal  curve  from  the  straight 
line  (indicating  the  heat  generated  by  non-elastic,  internal  friction)  be 
taken  as  a  measure  of  the  injurious  effect  of  the  range  of  stress  above 
this  limit,  then  it  should  be  inferred  that  the  harder  metal  would 
show,  in  proportion  to  its  strength,  inferior  endurance  as  compared 
with  the  softer  metal,  under  repetition  of  all  stress  of  sufficient 
magnitude  to  induce  fatigue,  and  the  accuracy  of  the  inference  seems 
to  be  substantiated  by  the  comparison  of  all  the  records  of  endurance 
tests  on  the  two  classes  of  metal. 

:  If  there  is  any  such  internal  f notion  as  has  been  assumed  accom- 

i 

panying  the  strain  of  the  metal  beyond  the  thermal  limit  of  pro- 
portionality, but  within  the  apparent  limit  of  the  proportionality  of 
shape,  it  must  be  conceived  that  there  has  been  an  expenditure  of 
energy  in  overcoming  the  internal  resistance  of  the  breaking  up  of 
molecular  groups,  and  friction  incident  thereto.  Granting  this,  its 
cumulative  effect  would  be  in  evidence  in  the  increase  of  the  period 
and  the  rate  of  subsidence  of  the  elastic  vibrations  of  the  specimen. 

i 

Thus,  in  Thomson's  experiments,  two  similar  and  equal  pieces  of  cop- 
per wire  were  put  up,  about  April  26th,  hanging  with  equal  and  similar 
lead  weights,  similarly  fixed  by  soldering.  No.  2  was  more  frequently 
vibrated  than  No.  1,  but  no  comparison  was  made  until  May  15th;  then 
No.  1  subsided  from  20,  initial  range,  to  10,  in  97  vibrations,  while  No. 
2  gave  the  same  subsidence  in  77  vibrations.  During  the  greater  part 
of  May  16th  and  17th,  No.  2  was  kept  vibrating,  and  No.  1  quiescent,. 
'  and  experiments  were  made,  with  the  following  results: 

No.  1  subsided  from  90,  initial  range,  to  10,  in  99  vibrations  of  2.4  seconds. 
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This  series  of  experiments,  from  which  the  foregoing  has  been 
quoted,  indicates  elastic  fatigue  for  the  considerable  range  of  stress 
through  which  they  were  conducted,  this  range  being,  of  course,  within 
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ihe  apparent  limit  of  elasticity  of  shape.  Accordingly,  it  -was  sup- 
posed that  this  elastic  fatigue  occurred  for  all  stresses  within  the 
apparent  limit  of  elasticity  of  shape  until  a  similar  and  more  exten- 
sive series  of  experiments,  conducted  by  H.  Tomlinson,  showed  that 
no  such  fatigue  of  elasticity  is  felt  in  steel,  iron,  or  copper,  providing 
the  stress  does  not  exceed  a  certain  limit.*  This  limit  is  probably 
identical  with  the  thermal  limit  of  proportionality. 

What,  then,  is  the  nature  of  fatigue?  Johnson,  in  his  "  Materials 
of  Construction,"  attempts  to  account  for  it  by  micro-flaws  in  the 
material.  If  their  effect  is  the  prime  cause  of  ultimate  fracture  in  all 
cases,  we  should  look  for  their  influence  in  the  elastic  fatigue  of 
Thomson's  experiments,  but  here  we  are  met  with  an  unavoidable  diffi- 
culty in  the  condition  that  the  elastic  fatigue  noted  depended  on  the 
immediately  previous  molecular  condition,  whether  of  quiescence  or 
recurring  changes  of  shape. 

Hence,  if  the  speculation  were  to  be  continued  further,  it  might, 
perhaps,  well  be  along  the  lines  of  Maxwell's  theory  of  viscosity,  by 
supposing  a  temporary  but  progressive  increase  in  the  number  of 
unstable  configurations,  or  groups,  of  molecules  under  the  internal 
friction  noted,  with  a  consequent  temporary  diminution  of  tenacity, 
resulting  in  the  increased  period  of  vibration  noted,  or  in  endurance 
tests  in  the  ultimate  development  of  temporary  spots  or  planes  of 
weakness,  wherever  these  unstable  groups  chance  to  be  a  maximum, 
and  final  fracture  corresponding  to  that  of  brittle  material,  in  the  ab- 
sence of  plastic  drawing  out. 

Leaving  this  interesting  field  of  speculation  to  others,  the  question 
which  presents  itself  to  us  as  engineers  is  this:  If  the  fact  can  be 
established  that,  for  the  material  we  are  using,  there  is  a  well-defined 
range  of  almost  perfect  elasticity,  and  beyond  which  there  is  a  consid- 
erable, in  fact,  nearly  equal,  range  of  imperfect  elasticity,  before  reach- 
ing the  limits  of  apparent  elasticity  of  shape,  are  we  justified  in 
considering  the  results  of  fatigue  tests,  under  ranges  of  stress  extend- 
ing well  into  the  latter  range,  as  in  anywise  applicable  to  range  of 
stress  well  within  the  former  limit?  In  view  of  Bauschinger's  work, 
the  writer  would  hold  that  we  are  not.  , 

Even  though  we  discard  making  a  special  allowance  for  the  effect  of 
the  range  of  stress  of  any  kind,  taking  care  of  the  impact  and  vibration 

*  Philosophical  Transactions,  Royal  Society,  188G. 
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due  to  live  load  by  a  rational  allowance,  we  have  yet  to  consider  somewhat 
the  case  of  range  of  stress  from  tension  to  compression.  Owing  to 
the  fact  that  the  compression  formulas  give  no  direct  data  as  regards 
the  fiber  stress  in  columns,  we  must  needs  allow  an  extra  margin  of 
safety  to  oover  our  ignorance  in  this  respect,  until  we  shall  have  de- 
veloped our  column  formulas  so  that  we  know  what  the  actual  com- 
pressive fiber  stress  is,  since  Wohler's  work  shows  beyond  question 
the  rapid  injury  resulting  from  range  of  stress  from  plus  to  minus 
when  it  exceeds  well-defined  limits. 

Such  an  allowance,  however,  if  our  position  be  correct,  should  be 
based  more  rationally  on  the  length  of  the  column  and  the  amount  of 
the  compressive  stress  involved,  rather  than  upon  the  total  of  com- 
pression and  tension,  as  is  usually  done. 

Thus  far  in  the  consideration  of  fatigue  tests  it  has  been  supposed 
that  the  stresses  applied  in  the  Wohler  experiments  were  really  or 
approximately  those  which  he  intended  they  should  be— limited  by  the 
high  degree  of  ingenuity  displayed  in  the  design  of  his  testing  appa- 
ratus to  the  approximate  equivalent  of  a  gradually  applied  load  in 
the  absence  of  shock. 

Now,  it  is  well  known  that  the  effect  of  a  suddenly  applied  load  in 
producing  deflection  is  greater  than  that  due  to  the  same  load  at  rest, 
and  it  may  be  demonstrated  mathematically  that  were  the  load  im- 
posed with  complete  suddenness,  or  instantaneously  and  without 
shock,  its  effect  is  to  produce  a  momentary  deflection  and  strain  twice 
that  of  the  same  load  at  rest. 

Henoe,  Mr.  Fidler  argues  that  it  is  permissible  to  doubt  whether 
the  apparatus  used  by  Herr  Wohler  did  in  fact  succeed  in  limiting  the 
internal  stresses  to  the  intended  amount,  without  exceeding  it,  and 
whether  the  bars  were  not  subjected  to  the  aotion  of  dynamic  stresses 
every  time  the  load  was  applied,  which  was  done  about  four  times  a 
minute.  That  this  was  the  case  to  a  certain  extent  can  hardly  be 
doubted,  but  what  the  limit  of  the  dynamic  effect  was,  is  the  question 
to  be  decided,  if  Wohler's  results  are  to  be  interpreted  on  this  basis. 

A  careful  study  of  the  Wohler  machines  would  probably  lead  the 
majority  of  engineers  to  select  at  once  that  for  repeated  bending  in 
opposite  directions,  as  the  one  most  likely  to  cause  the  maximum 
dynamic  stresses,  and  perhaps  the  maximum  estimate  of  this  effect,  in 
view  of  the  slow  speed  of  the  machine,  four  revolutions  per  minute, 
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would  be  under  20  to  30%  of  the  load  on  the  cantilever  end  of  the 
specimen. 

Mr.  Fidler's  estimate  for  this,  however,  would  be  six  to  ten  times 
that  which  we  have  made,  by  considering  it  possible  that  elastic  vibra- 
tions induced  might  bring  the  internal  stress  up  to  the  maximum  effect 
of  a  suddenly  applied  load,  which,  in  this  case,  would  be  three  times 
the  load,  since  the  range  of  stress  is  twice  the  load. 

The  following  is  his  table  for  the  minimum  breaking  load,  a,  by 
the  dynamic  theory: 

1.  Steady  load,  no  variation a  =  t*. 

2.  Load  varying  from  0  to  u a  =  u  =  ^ 

3.  "  "        "  —  t>to  +  t> «  =  *=£- 

o 

If  we  subject  a  bar  to  a  suddenly  applied  load,  the  external  work 
of  the  load  is  its  weight  times  the  deformation  of  the  bar,  which  must 
be  balanced  by  the  internal  work,  which  is  the  product  of  the  mean 
stress  times  the  elastic  deformation:  Hence,  the  deflection,  or  de- 
formation, for  the  suddenly  applied  load,  will  be  twice  that  caused  by 
the  same  load  at  rest,  since  the  mean  internal  stress  is  only  half  the 
maximum.  If,  however,  this  dynamic  stress  exceeds  the  yield  point, 
part  of  the  internal  work  will  be  performed  in  plastic  deformation, 
resulting  in  raising  the  yield  point,  just  as  with  a  steadily  applied 
load.  Hence,  in  ductile  material,  a  suddenly  applied  load  greater 
than  half  the  ultimate  strength  would  have  to  be  applied  a  number  of 
times  to  produce  rupture,  and  on  this  basis  Mr.  Fidler  undertakes  to 
account  for  the  endurance  of  specimens  in  the  Wohler  experiments 
where  the  dynamic  stresses  would  be  (if  figured  on  his  proposed  basis) 
considerably  greater  than  the  nominal  strength  of  the  material. 

Now,  the  yield  point  in  mild  steel  is  approximately  60%  of  the 
ultimate  strength,  and,  if  we  limit  the  range,  plus  and  minus,  of  the 
alternate  stresses  in  the  Wohler  machine  to  something  less  than  one- 
third  of  the  ultimate  strength,  the  endurance  of  the  piece  seems  prac- 
tically indefinite,  and  the  yield  point  has  not  been  raised,  as  no  plastio 
deformation  occurs,  although  the  dynamic  stresses  by  Mr.  Fidler's 
method  of  computation  have  exceeded  the  yield  point  by  between  40 
and  60  per  cent.     Since  the  conditions  of  application  of  the  load 

•  t  =  ultimate  strength,  static  test. 
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have  been  the  same  for  the  lower  and  higher  intensities  of  stress,  the 
same  line  of  reasoning  advanced  to  support  the  probable  accuracy  of 
the  dynamic  theory  may  be  used  with  far  better  advantage  to  prove 
its  improbability. 

It  has  been  argued  that,  in  a  short  test  piece  under  direct  stress,  the 
amplitude  of  the  elastic  vibrations  under  these  dynamic  stresses  would 
be  so  small  as  to  escape  observation.  This  argument  would  have 
indeed  some  weight  where  the  stresses  are  direct  and  the  test  piece 
short,  but  as  similar  fatigue  occurs  under  bending,  where  the  length 
of  the  specimen  would  insure  so  considerable  an  amplitude  of  vibration 
as  to  render  their  detection  certain  if  these  stresses  were  of  anything 
like  the  magnitude  supposed,  the  argument  would  seem  to  be  invalid. 

The  final  difficulty  with  this  hypothesis  will  now  be  considered.  If 
the  dynamic  effect  of  a  load  imposed  instantaneously  and  without 
shock  in  producing  deflection  and  stress  may  be  readily  proved 
mathematically  to  be  momentarily  twice  that  of  the  same  load  at  rest, 
it  by  no  means  follows  that  we  can  do  so  if  the  time  of  application  is 
extended  through  the  interval  of  15  seconds. 

In  fact,  it  would  appear  that  this  final  absurdity  has  caused  not  a 
few  engineers  to  discard  the  hypothesis,  in  framing  their  later  specifi- 
cations, and  to  make  an  allowance  for  the  dynamic  effect  of  loads  on 
the  more  rational  consideration  of  the  length  of  span,  or  that  portion 
of  it  which,  when  loaded,  causes  the  maximum  stress  in  the  member, 
together  with  the  character  of  the  traffic,  or  the  loading  to  which  the 
structure  is  subjected. 

Variations  of  the  Thermal  Stress  Curve,  under  Varied  Loading 

of  the  Specimen. 

As  will  be  observed  by  referring  to  the  value  of  the  temperature 
change  for  a  change  in  stress  of  1  lb.  per  square  inch,  the  maximum 
cooling  effect  of  stretching  a  bar  up  to  nearly  the  yield  point  will  be 
but  little  over  one-fifth  of  lp  Cent.,  an  amount  too  small  to  be  appre- 
ciable by  touching  the  bar  with  the  hand.  When  the  yield  point  is 
reached,  however,  the  bar  warms  up  very  perceptibly,  and  this  point 
in  the  curve  may  for  convenience  be  termed  the  heat  limit.  This  heat 
limit  varies  with  the  yield  point,  but  the  limit  of  proportionality  of 
thermal  change  follows  a  different  law.  It  may  be  readily  lowered, 
but  the  writer  has  not  apparently  been  successful  in  raising  it  above 
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its  normal  value.  In  fact,  work  thus  far  indicates,  under  treatment 
which  is  usually  supposed  to  raise  the  limit  of  proportionality  of 
shape,  that,  while  the  deviation  of  the  thermal  curve  from  a  straight 
line  for  greater  loads  is  much  less  marked,  it  commences  at  a  much 
lower  point. 

The  following  tests  are  attached  more  as  an  example  of  the  accuracy 
of  thermal  measurement  of  stress,  rather  than  to  demonstrate  the  fore- 
going general  statements,  for  the  reason  that,  while  some  of  the  tests 
appended  were  not  made  with  sufficient  care  or  under  sufficiently 
favorable  conditions  to  be  of  scientific  value  in  determining  the  points 
referred  to,  they  all  indicate  the  value  of  the  method  as  a  means  of 
measuring  stress,  and  the  best  of  them  are  probably  within  the  limit 
of  error  involved  in  weighing  off  the  load  by  the  testing  machine  used. 
In  fact,  where  the  Queen  galvanometer  was  used,  the  writer  has  no 
hesitation  in  stating  his  conviction  that  the  galvanometer  readings 
were  far  more  accurate  than  it  was  possible  to  weigh  the  loads  with 
the  testing  machine  used.  Especially  in  the  tests  where  the  Knott 
galvanometer  was  used,  where  the  first  scale  reading  differs  materially 
from  30,  the  galvanometer  correction  is  considerably  in  error  for  the 
larger  deflections. 

Again,  the  chucks  of  the  large  testing  machine  were  such  that  the 
bar  could  not  readily  adjust  itself  to  the  line  of  pull,  involving  some 
little  error  in  bending,  which  appears  in  some  of  the  tests. 

The  heat  from  the  lights  used  in  the  reading  of  the  scale  affected 
the  pile  on  the  side  next  to  them  to  a  small  extent,  which  was 
noticeable  in  the  change  in  the  zero  or  first  reading.  Where  a  pile 
was  used  on  each  side  of  the  bar  it  will  be  noticed  that  frequently  one 
reading  increased  while  the  other  decreased,  showing  bending,  and  if 
the  thermo-piles  had  been  of  the  same  size  these  could  have  been 
correctly  averaged,  thus  getting  a  true  mean  result. 

In  Experiment  5,  a  rough  bar  was  slightly  curved  on  one  side,  and 
straight  on  the  other.  The  effect  is  quite  marked,  as  may  be  noted  by 
the  readings. 

Another  error  which  is  involved  in  making  the  corrections  lies  in 
the  fact  that  the  radiation  correction  was  determined,  while  using 
rubber  cement  insulation  for  the  junction,  and  was  applied  to  the 
experiments  made  while  using  shellac  insulation,  for  which  it  was 
probably  somewhat  too  great. 
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In  all  oases  the  loads  were  applied  by  the  hand- wheel  of  the  testing 
machine,  with  as  great  regularity  as  possible.  .The  percentage  of  error 
in  weighing  off  the  load  was  smaller  for  the  smaller  loads,  for  the 
reason  that  the  weighing  could  not  be  done  until  after  the  galvano- 
meter reading  had  been  taken,  as  any  vibration  of  the  scale-beam 
would  affect  the  reading. 

It  was  noticed  that  the  scale-beam  would  gradually  sag  after  the 
application  of  a  load  of  approximately  20  000  lbs.,  and  the  question, 
arose  as  to  whether  this  was  due  to  squeezing  the  lubricant  from 
between  the  teeth  of  the  spur  gears,  and  from  between  the  thread 
and  nut  of  the  screws,  or  whether  it  indicated  a  certain  amount  of 
the  actual  stretch  of  the  metal.  If  the  latter,  then  the  substitution 
of  a  bar  of  twice  the  size  should  change  the  position  of  this  limit  in 
weighing,  but  as  the  behavior  of  the  scale-beam  seemed  to  be  the 
same,  regardless  of  the  size  of  the  bar,  it  seemed  evident  that  the 
first  explanation  was  the  correct  one.  The  error  involved  would  be 
this:  The  load  weighed  off  would  be  slightly  smaller  than  it  should  be, 
and  hence  the  galvanometer  deflection  per  1  000  lbs.  would  be  a  trifle 
greater  than  it  ought  to  be. 

Experiment  1. 

» 

Evening,  August  6th,  1901. 

Bar  No.  1.  Size,  0.879  X  1.512  ins.  =  0.573  ±  2  sq.  ins.  O.  H> 
Steel;  standard  bridge  specifications.  Strip  from  web  of  15-in.  channel. 
Ultimate  strength  =  62  000  lbs.     Elastic  limit  =  88  000  lbs. 


Load. 


4  070. 
10  070. 
11850. 
18  000. 
15  075. 
17  000. 
18000. 
90  000. 


m.  8. 
1  48 
1  80 
1  86 
1  80 
1  81 
1  88 
189 
1  89 


a 


40.97 
40.86 
40.18 
88.88 
88.47 
88.84 
88.17 
88.00 


49.66 
61.88 
64.88 
06.68 
7U.00 
78.65 
76.95 
78.5? 


1! 


B 

8 


«8 


8.66 
81.68 
84.86 
87.74 
88.18 
86.81 
87.06 
40.58 


Cormctiohs: 


t 


+0.18 


-0.17 


+0.17 
+0.46 


0 
-0.04 
-0.05 
-O.08 
—0.11 
-0.15 
-0.17 
-0.19 


8.81 
81.48 
94.04 
87.66 
88.08 
85.88 
87.87 
40.88 


f 


8.140 
8.188 
8.118 
8.188 
8.194 
8.078 
8.076 
8.041 


Queen  D'Anonval  galvanometer,  and  thermo-pile  of  49  couples,  used.    Shellac  used  for 

attachment.    Distance  of  scale  =  846  cm. 
C.  A.  P.  Turner,  Observer.    A.  Zeleny,  Operator. 
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EnnmiT  2. 

Evening,  August  8th,  1901. 

Bar  No.  2.     Size,  0.878  x  1.488  ins.  =  0.668  eq,  in. 


1 


•  MO.. 
13  010. 
13100. 


f  Cent.,  duo  to  a  shower 


1  of  tbe  second  reading  the  temperature  suddenly  tell  about 
Door*  open  between  readings. 

"'"  —     " 'variometer  ai 


,    Queen  s:b 
Shellac  o< 


id  large  tbermo-pUe. 


F.  H.,  August  9th,  1901. 
Bar  No.  2  (Continued).-  -Stretched  to  21  000  lbs.  the  evening  of 
August  8th.    Large  the  run  o  pile  and  Queen  galvanometer. 


Distance  of  scale  =  Ha  cm. 
C.  A.  P.  Turner,  Observer.    A.  Zeleny,  Operator. 

—It  will  be  noticed  that  these  readings  run  quite  regularly,  tie  firsts  trifle 

high,  perhaps,  due  In  part  to  an  observational  error,  and  In  part  to  the  fact  that  the 
thermo-pUe  was  affected  by  the  lighting  at  tbe  Jets  used  tor  reading  the  scale.  This 
effect  would  gradually  disappear,  the  source  of  heat  being  constant 

Tbe  flrst  reading  was  not  In  the  center  of  the  scale,  and  for  that  reason  the  galvano- 
meter corrections  are  probably  too  small  for  loads  of  1*  000  lbs.  and  aver. 

It  will  be  noted  that  the  point  where  tbe  curve  changes  bas  not  been  materially 
raised  by  tbe  load  applied. 
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Evening,  August  9th,  1901. 
Bar  No.  1  (Continued). — Strained  to  24  000  lbs.     Small  thermo-pile 
and  Knott  galvanometer.     Small  Olaen  machine  need. 


Distance  of  scale  -  S4B.S  ci 
C.  A.  P.  Turner,  Observer.    A.  Zeleny,  Operator. 
Remarks.— It  may  be  noted  that  these  readings  are  more  Irrwular  than  can  be  ac- 
counted lor  otherwise  than  by  the  overstrain  of  the  bar.  and  that  the  falling  away  of  the 
curve  from  a  straight  line  is  approximately  the  nine  position  aa  Indicated  in  Kiperi- 

ExPBRIHJiNT   5. 

*.  *.,  Aagnat  10th,  1901. 
Bar  No.  3.— Bar  size  =  2  1 1  in.     Bar  rough.     Straight  on  one  aide 
and  very  slightly  curved  on  the  other.     A  thermo-pile  on  each  aide  of 
the  bar. 

1.  Large  thermo-pile  and  Knott  galvanometer. 
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2.  Small  thermo-pile  and  Queen  galvanometer. 
For  headings  of  these  columns,  see  previous  page. 


6000 

111 

88.81 

48.04 

0.88 

■ 

•  ■  •  •  ■ 

•  •  • 

+0.06 

-0.00 

0.80 

1.648 

28, 

,0* 

10070 

1   8 

84.48 

60.17 

15.74 

•  •  • 

0.00 

—0.08 

15.78 

1.561 

•  i 

•  • 

10040 

1   7 

85.81 

60.70 

16.49 

-O.OB 

— o.oe 

16.45 

1.688 

•  i 

t  • 

14  060 
18040 

1   8 

80.06 

51.68 

81.68 

■  •  • 

0.00 

-0.04 

81.60 

1.686 

88. 

0° 

1   0 

86.40 

68.80 

87.40 

•  •  • 

—0.86 

—0.07 

86.87 

1.406 

•  • 

•  • 

18140 

1    7 

86.80 

64.40 

88.20 

40.01 

•  •  ■ 

—0.04 

—0.08 

88.00 

1.468 

•  % 

i  •  • 

80800 

066 

86.78 

65.10 

80.88 

0.00 

•  •  • 

-0.61 

-0.08 

88.00 

1.480 

m 

■  ■ 

80160 

118 

87.88 

66.80 

87.88 

--0.01 

•  •  • 

h0.86 

-O.08 

88.88 

1.480 

m  t 

»  •  ■ 

88800 

110 

87.00 

68.01 

80.01 

-0.08 

•  •  • 

--0.57 

—0.10 

81.60 

1.410 

• 

»  •  • 

84  000 

117 

88.10 

60.00 

80.00 

--0.08 

•  •  • 

--0.48 

-0.10 

81.80 

1.804 

■ 

I  •  • 

86  000 

118 

88.88 

74.10 

85.81 

--0.08 

•  •  • 

--0.8B 

—0.16  I  85.06 

1.888 

82 

.1° 

88  000 

111 

88.10 

77.80 

80.80    --O.08 

^C 

>.l 

--0.88 

—0.81  !  80.88 

1.401 

• 

■  •  • 

80000 

118 

87.80 

77.70 

80.40 

+0.08 

-0 

.1 

-1-0.80 

—0.21 

180.50 

i 

1.817 

88 

.1° 

28.0* 


•  •  •  • 

82.1° 

•  •  •  • 

88.5° 
88.5° 
88.5° 
88.5* 

•  •  •  • 
88.5° 

« . .  • 
88.5° 


Distance  of  scale  =  846  cm.    Resistance  =  460  ohms. 

C.  A.  P.  Turner.  Observer.    A.  Zeleny,  Operator. 

Remarks.— The  bar,  as  noted,  was  a  rough  bar.  and  slightly  kinked  or  bent  on  one 
side,  and  bending  resulting  therefrom  may  be  noticed  in  the  curve. 

Experiment  6. 

Evening,  August  10th,  1901. 

Bar  No.  3  (Continued). — Bar  stretched  about  1J  hours  to  24  000. 
Thermo-pile  on  each  side  of  bar. 

1.  Small  thermo-pile  and  Queen  galvanometer. 


« 

* 

9 

1 

H 

m.  s. 

8060 

1    4 

18  150 

1    8 

10  886 

1    0 

18  840 

067 

18  860 

057 

84  100 

1    0 

88.80 
86.71 
88.00 
86.50 
88.48 
80*88 


50.40 
66.80 
54.82 
56.50 
68.18 
70.8 


18.80 
17.68 
15.48 
18.00 
84.76 
80.88 


CoRBsonoNs: 


I1 


-0.01 


+0.10 
+0.08 

0.00 
-0.18 
—0.16 

0.00 


-0.01 
-0.08 
-O.08 
—0.08 
-O.06 
-0.10 


18.80 
17.74 
15.40 
17.88 
84.64 
80.87 


1.586 
1.461 
1.487 
1.447 
1.886 
1.281 


Tbmpbra- 
tubx: 


I 


82.0° 

t  •  •  • 

•  •  •  ■ 


•  •  •  • 

88.1° 


K.8* 

•  •    •    • 

•  •    •    • 


88.8° 


Distance  of  scale  =  840.8  cm, 
2.  Large  thermo-pile  and  Knott  galvanometer. 


8060 

1    4 
1    8 
1    0 
057 
067 
1    0 

47.00 
47.18 
47.81 
47.48 
47.01 
47  81 

54.70 
68.16 
56.80 
68.81 
64.80 
68.10 

7.70 
11.08 

0.68 
11.80 
17.80 
10.80 

+O.06 
+0.05 

0.00 
-0.07 
-0.11 

0.00 

—0.04 
-4).  18 
—0.00 
-0.15 
—0.40 
-0.60 

7.72 
10.05 

0.50 
11.17 
16.78 
80.80 

0.060 

0.8087 

0.0766 

0.0058 

0.0140 

0.8454 

88.0° 

■  •  •  • 

•  ■  •  • 

•  •  •  • 

•  •  ■  • 

88.1° 

88.8° 

18  160 

10  885 

18  840 

18  860 

84  100 

88 '.8° 

■ 

Distanoe  of  scale  =  846  cm. 

C.  A.  P.  Turner,  Observer.    A.  Zeleny,  Operator. 

Remarks.— This  bar  had  been  strained  to  86  000  lbs.  per  square  inch  and  left  under  a 
load  of  84  000  lbs.  for  \%  hours. 

The  readings  were  quite  irregular,  due  to  this  treatment. 
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T. 

Evening,  August  I4th,  1901. 
Bar  No.  1  (Continued). — Bar  annealed  by  heating  3  hours  in  oven. 
Thermo-pile  on  each  side  of  bar.      Gam  arabic  contact,  August.  12th, 
1.  Small  thermo-pile  and  Knott  galvanometer. 


2.  Large  thermo-pile  and  Queen  galvanometer. 

8  180 

in  » 

...    so 

'.'.'.     87 
...     11 

...    as 

as 
so 
so 
so 

80 

so 

30 

to 

S7    45 

50  4fl 
00  60 
B7    50 
05  SO 
88    58 

51  54 

m\  as 

n  a. it 
os  ie. to 

84    20. 14 

Id    90.19 
46    SO. 40 

»i  sr.as 

Hi «. or 

OS    31.84 

...J.... 

-o.OB  m.m 

-O.03   IB. 88 

-e.os  so. si 
-o.os  so.ia 
-o.ob!  so.87 
-o.os  S7.ee 

-O.OS   S4.0B 
— O.lOj  81.24 

i 
i 

1 

040 
OSS 
01S 

aee 
oss 

897 
887 
803 

«.»• 

■"t"" 

10  080 

»4.8° 

IB  060 

M.B° 

Turner.  Zeie ny  and 

—The  above  experimtait  m  nuuln 

noted  above,  the  contact  (or  the  s 
of  the  reading. 


ng  num    arable  junction,  and,  ai 
a  found  defrcdva  before  the  end 


Experiment  8. 
Evening,  August  16th,  1901. 
Bar  No.   1  (Repeated).—  Kubber  cement   contact.     Cement  pnt  oi 
about  4  hours  before  experiment. 

1.  Small  thermopile  and  Knott  galvanometer  on  one  side  of  bar. 
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2.  Large  thermopile  and  Queen  galvanometer  on  other  aide  of  bar. 

For  heading!  of  those  column*,  tee  previous  page. 


8  180 
10  5W 

.      87 
.      SB 
.     87 

.      40 

.    a 

:  S1 

.      88 

47.  ■ 
47.87 
48.48 
48.80 
48.88 

48.  B0 
46.78 
48.78 
40.00 

08. 88 
88.48 
80.88 
71.10 
74,66 
7B.B7 
86. OS 
84.10 

er.ia 

IE 

1! 
S8 
98 
81 
18 
88 
88 

8 

18 
80 
88 

SO 
87 
13 

0.00 
-1-0.01 

0.00 
-1-0.01 

fl.OS 

-o.oa 
■o.oi 

-0.08 
-0.0B 

Small. 

—0.0B 
-O-08 
—0.01 
-4.05 
-0.07 
-O.10 
-0.08 
-O.lfl 
— 0.1S 

18.88 
SI  .00 
18.14 
88.78 
88.68 
81.80 
10.S8 
88.84 
87.08 

lias 

1.860 

l!«78 

l.MK 

I'M 

1.860 

U,B»„ 

SS.S».. 

84.8* 

IS  MO 

88.8".. 

16.1' 

18  100 

SO  100 

88.8*. . 

BB.l* 

Distance  of  scale  =  S48  cm.     Turner.  Zeleoy  and  Sklnnor. 
Remarks— Thli  experiment  on  Bar  No.  1  when  repeated  was  made  with  rubber 
cement  Junction.    Aa  the  her  had  not  been  overstrained  since  it  vu  a—Bleu,  fairly 
regular  remits  should  ha*e  been  expected. 

■m.—  .— _  .-  blve  be,,,  nnt  utUe  bending  in  the  bar,  aa  will  be  observed  by 
la  of  the  two  net*.  The  flrat  reading  of  the  Knott  galvanometer 
-"   ->-■-*-  -be  galvanometer  correction  wan  determined,  namely, 

.., — ... too  email.     Further,  It  will  be  noticed  that  the  Brat 

readings  of  the  Knott  galvanometer  were  from  41. B0  to  4S.80,  and  a  similar  change  In  the 
flrat  reading*  of  the  Queen  galvanometer,  thus  showing  considerable  temperature 
change  during  the  experiment. 


Evening,  August  17th,  1901. 
Bar  No.  8,  stretched  to  38  600  11™.  at  4.30  p.  «.,  August  10th,  and 
left  under  that  stress  until  5  P.  M.  of  August  17th.     Experiment  began 
at  7. 30  p.  h.  ,  August  17th. 

1.  Small  thermo-pile  and  Knott  galvanometer.     Larger  Olsen  testing 
machine  used. 

Small  thermopile  nearer  lights,  so  that  tbe  readings  are  less  accurate. 
Resistance  =  100  ohms. 


.  Distance  of  scale  =  S60  ci 
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2.   Large  thermo-pile  and  Queen  galvanometer. 
For  head  rags  of  these  cohmnu,  eee  previous  page. 
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lioeu 

1.080 
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1.(110 
1.082 

l.oso 

1.013 

o.sw 

1.040 
0.999 
0.015 
0.673 

16.1°. 

ss.i* 

Hon 

86.05° 

86. 3° 
B8.0- 

loooo 

84.W. 

a.O" 

M  1T0 

84.85° 

M.H° 

M  MO 

mteo 

84.*° 

84.4° 

-fl  cm.    Resistance  In  box  =  TOO  ohms.    Bar  No.  8  broken  at 


Distance  of  * 
MfJOOlba. 

-    ■    -  -        -    ■    Zelenr. 

it  would  -*_,_ 

to  reduce  tne  cooling  effect  [or  all  loads. 

•A  gas  Jet  IS  ft.  away  caused  the  ajj 

minutes,  through  three  thicknesses  of  carpet  First  reading  changed  fr 


m  probable  that  the  effect  of  the  tr 


o  affect  of  this. 


Evening,  Angnst  22d,  1901. 
Bar  No.  5.    Surface  planed.     Area  of  bar  =  0.445  x  2  ins.  =  0.890 
sq.  in.      Large  thermo-pile  and   Queen  galvanometer.     Large  Olden 
machine  used. 


89.80  1.441 

ta'.w  t'.aa 

30.70  1.886 

138.87  1.880 


*  Application 
Distance  of  scale  =  I 
C.A.P. 


or  load  too  alow  at  first  weight? 
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Experiment  11. 

Evening,  August  26th,  1901. 

Bar  No.  5  {Repeated).— Bar  strained  to  28  000  lbs.  on  August  22d. 
1.  Small  thermopile  and  Knott  galvanometer. 


Load. 


6060.. 

9866.. 
10  066.. 

6078.. 
10  000.. 
14  068.. 


m. 
1 
1 
1 
1 
1 
1 


8. 

86 
16 
18 

8 
18 

0 


81.60 
88.66 
88.68 
88.81 
88.80 
88.85 


a 
o 


Corrections: 


86.81 

89.94 

40.89 

87-66; 

40.891 

48.001 


4.61 
7.88 
7.71 
4.84 
7.49 
10.66 


S 


11 
►.07 
LOS 
—0.08 
+0.04 
-0.18 


0.00 
—0.08 
-0.04 

0.00 
-0.08 
—0.18 


o% 


9 


4.78  0.7801 
7.48  0.7688 
7.700.7660 
4.880.7986 
7.50|0.7500 
10.850.7861 


Temperature: 


Bar. 


I.4« 


88.4° 
'88".4° 


Room. 


84.0° 


84.0° 
'8416°' 


Distance  of  scale  =  850  cm.     Resistance  in  box  =  180  ohms. 
2.  Large  thermo-pile  and  Queen  galvanometer. 


6  050.. 

9866.. 
10  065.. 

6  078.. 
10000.. 
14  068.. 


48.00 
48.68 
44.83 
44.68 
46.88 
45.70 


49.81 
54.75 
66.85 
50.49 
57.88 
68.17 


6.81! 
11.07; 

18.18 

5.87 

18.06 

16.47 


+0.16 
+0.10 
+0.05 
-0.08 
+0.07 
-0.88 


0.00 
-O.00 
—0.01 

0.00 
—0.01 
—0.18 


6.86 
11.17 
18.19 

5.85 
18.18 
16.17 


1.086 
1.188 
1.184 
0.963 
1.818 
1.160 


83.4e 


88.4C 


88.4° 


84.0° 


84.0° 


84  0° 


Distance  of  scale  =  846  cm.    Resistance  in  box  =  460  ohms. 
C.  A.  P.  Turner,  A.  Zeleny. 
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Experiment  12. 
Evening,  August  27th,  1901. 
Bar  No.  7.— Area  of  bar  =  0.440  X  1.68  ins.  =  0.739  sq.  in. 
1.  Small  thermo-pile  and  Knott  galvanometer. 


M 

60 

a 

.a 

1 

• 

Load. 

2 

•o 

o 

a 

1 

a 

o 

m.  s. 

8000.. 

1  16 

38.71 

40.90 

8.89 

6  010. . 

1  16 

88.88 

88.69 

5.87 

9700.. 

1  18 

88.44 

48.50 

10.06 

14880.. 

1    7 

88.85 

49.84 

14.84 

16  000.. 

1    6 

88.09 

48.50 

16.41 

17  000.. 

1  10 

81.99 

49.45 

17.46 

80  000.. 

1  10 

81.78 

58.80 

80.68 

88  000.. 

1  15 

31.50 

53.80 

81.80 

Corrections: 


+0.08 
+0.06 
—0.04 
-0.09 
—0.10 
0.00 
0.00 
+0.20 


33 
"3  8 


-0.05 
-0.01 
1-0.10 
'—0.88 
1-0.86 
,—0.41 
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Temperature: 


8.88 
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Bar. 
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84.48° 
84.48° 


84.8° 
84.8° 


84.60° 

84.8° 

84.49° 

84.7° 

Distance  of  scale  =  860  cm.    Resistance  in  box  =  180  ohms. 
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2.  Large  tbermo-pile  and  Queen  galvanometer. 
For  headings  of  these  columns,  see  previous  page. 
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1.414 
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29.08    1.321 

24.48° 
24.48° 


24.60° 


24.49° 


24.48 
24.8» 


24.8° 
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Distance  of  scale  =  246  cm.    Resistance  in  box  =  460  ohms. 
C.  A.  P.  Turner,  A.  Zeleny. 

The  temperature  conditions  during  this  experiment  were  not  very  satisfactory. 

Description  of  Bar  No  7:  L2-4784,  Boiler.  Surfaces  planed.  Elastic  limit  =  41  000 
lbs.  Ultimate  strength  =  57  500  lbs.  Elongation  =  28}{¥  in  8  ins.  Analysis:  Carbon,  0.21. 
Manganese,  0.88.    Phosphorus,  0.088.    Sulphur,  0.022. 

This  bar  was  strained  up  to  the  yield  point  In  1897,  and  had  been  allowed  to  rest 
until  the  date  of  the  experiment,  and  the  thermal  limit  of  proportionality  did  not 
appear  to  have  been  raised. 

Experiment  13. 

Evening,  August  29th,  1901. 

Bar  No.  8.     Area  of  Bar  =  0.433  X  1.62  ins.  =  0.701  sq.  in. 

1.  Small  tkermo-pile  and  Knott  galvanometer. 
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28.6°  28.4« 


Distance  of  scale  =  250  cm.    Resistance  =  180  ohms. 
2.  Large  thermo-pile  and  Queen  galvanometer. 
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17 

— O.0B 

28 

h0.ll 
-0.02 
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-0.08 

19 

28.5°  128.7° 

19 

1.228 
1.285 
1.186 
1.186 

29 

19 

l 

16 

-0.08 

28.5°  23.4° 

i 

Distance  of  scale  =  246  cm.    Resistance  =  760  ohms. 
C.  A.  P.  Turner,    A.  Zeleny. 

Description:  4794  Fire-box  L8.  Elastic  limit,  89  600  lbs.  Ultimate  strength,  69  000 
lbs.    Elongation,  28 . 7  per  cent. 

Analysis:  Carbon 0.21  Phosphorus 0.086 

Manganese 0.85  Sulphur 0.028 

This  bar  also  had  been  pulled  to  the  yield  point  in  1897,  and  the  load  had  been  left  ap- 
plied for  two  days  at  that  time,  but  the  thermal  limit  of  proportionality  did  not  appear 
to  have  been  been  raised  after  this  period  of  rest. 
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Experiment  14. 

p.  m.,  August  31st,  1901. 

Bar  No.  6.     Planed.     Area  of  Bar  =0.440  x  2  ins.  =0.880  sq.  in. 

1.  Small  ther mo-pile  and  Knott  galvanometer. 
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*  Evening,    t  Chuck  slipped. 
Distance  of  scale  =  250  cm.     Resistance  =  0  ohms. 

2.  Large  therm o- pile  and  Queen  galvanometer. 
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34000 
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Distance  of  scale  =  246  cm.    Resistance  =  460  ohms. 

Turner,  Zeleny  and  Kennicott. 

Remarks.— Large  temperature  changes.  Rates  of  0.02  to  0.03  had  to  be  allowed  for 
in  most  cases,  zero  reading  of  the  Knott  galvanometer  was  high,  and  hence  the 
corrections  for  the  larger  readings  are  too  small  in  the  upper  set. 


The  foregoing  curves  are  fair  examples  of  what  can  be  done  by 
this  method  of  thermal  measurement  under  somewhat  unfavorable 
conditions.  Where  a  laboratory  is  especially  fitted  for  thermal  meas- 
urement, a  more  sensitive  machine  for  weighing  the  loads  is  used,  and 
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where  suitable  means  are  provided  for  applying  all  loads  uniformly 
and  in  more  nearly  the  same  time,  a  probable  error  not  greater  than 
1  in  2  000  to  5  000  would  perhaps  be  a  reasonable  limit  of  accuracy. 

The  method  has  a  number  of  advantages  over  any  other  method  of 
measuring  stress  with  which  the  writer  is  familiar: 

First.  It  is  necessary  only  to  have  a  space  of  about  1  sq.  in.  to  apply 
the  junction,  and,  indeed,  this  space  might  be  reduced  to  J  sq.  in.  and 
secure  almost  equally  good  results;  or  the  thermo-pile  might  be  of 
special  shape,  long  and  narrow,  for  measuring  fiber  stress  in  columns 
under  compression,  if  so  desired.  For  the  measurement  of  stress  in 
railroad  bridges  the  apparatus  would  appear  to  be  very  suitable.  An 
error  of  ±  5  to  6%  would  be  the  probable  accuracy  when  the  effect 
of  air  currents,  etc. ,  is  considered. 

The  angular  deflection  of  the  galvanometer  might  be  determined  in 
the  laboratory  for  given  intensities  of  stress  applied  to  a  standard  bar, 
and,  using  the  same  apparatus  in  the  field,  with  a  similar  junction,  and 
with  the  same  resistance  in  the  circuit,  the  readings  could  be  readily 
interpreted.  Such  investigation,  however,  would  require  time  and 
patience,  because,  in  order  to  secure  reliable  results,  care  must  be 
taken  that  all  connections  are  in  good  order,  and,  where  the  apparatus 
is  not  working  nicely,  some  little  ingenuity  is  required  to  locate  the 
difficulty. 

Where  a  piece  of  metal  is  subjected  to  compound  stress  (for  in- 
stance, to  tension  in  one  direction  and  compression  in  another),  the 
cooling  effect  of  the  tensile  strain  will  be  offset  by  the  heating  effect  of 
the  compressive  stress,  and  the  reading  would  evidently  indicate  the 
difference  between  the  two. 

A  very  interesting  case  of  this  kind  of  stress  will  be  found  in  the 
examination  of  a  plate-girder  with  a  stiffened  web.  The  usual  text- 
book analysis  of  the  internal  stress  in  the  web  plate  of  such  a  girder  is 
radically  in  error,  and  Figs.  2  and  3  present  the  writer's  conclusions 
from  a  thermo-electric  investigation  of  the  internal  stress  in  the  small 
riveted  girder  shown  in  Fig.  4.  The  distribution  of  the  stress  through 
the  web  plate  is  in  belts,  and  the  position  of  these  belts  varies  with 
the  position  of  the  stiffening  angles.  In  the  experimental  girder, 
Fig.  4,  the  load  was  applied  by  a  jack-screw  and  an  I-beam  lever  at 
one  end  and  weighed  off  at  the  other. 

Referring  to  the  analysis  of  internal  stress  in  beams,  in  Rankine's 
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"  Applied  Mechanics,"  it  is  found  that  the  case  examined  by  him  is 
that  of  a  beam  of  constant  section  along  its  length.  For  such  a  beam 
he  proves  clearly  that  the  principal  stresses  at  the  neutral  axis  are 
tensile  and  compressive,  acting  at  45°  with  this  axis  and  at  90°  with 
each  other. 

The  special  case,  of  a  beam  of  a  given  type  of  cross -section,  in- 
creasing or  decreasing  regularly  in  section  along  its  length,  is  amenable 
to  similar  mathematical  analysis,  and  the  general  distribution  of  the 
internal  stress  would  vary  but  slightly  from  the  first  case  considered, 
as  stated  in  the  "Applied  Mechanics." 


The  general  case,  of  abeam  varying  irregularly  along  its  length,  both 
as  regards  area  and  type  of  section,  is  quite  a  different  problem,  in- 
volving too  many  conditions  to  be  handled  in  a  general  way.  Even 
the  special  cases,  when  the  variations  are  at  regular  intervals,  with  a 

constant  section  between,  are  by  no  means  simple  or  easily  analyzed. 
Since  built  sections,  when  well  riveted,  act  under  stress  approxi- 
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mately  as  solid  sections,  the  built  girder  with  stiffeners  should  be  con- 
sidered as  coming  under  beams  of  the  latter  class,  and  the  writer 
would  subdivide  such  girders  into  general  classes  as  follows: 

Class  1. — Those  girders  in  which  the  stiffeners  are  spaced  econom- 
ically; that  is,  sufficiently  close  to  prevent  buckling  of  the  web,  and 
causing  it  to  be  capable  of  fully  developing  the  strength  of  the  flange. 

Class  2. — Those  girders  in  which  the  stiffeners  are  placed  need- 
lessly close  together. 

Class  1  includes  those  girders  in  which  the  designer  has  followed 
Cooper's  specification,  in  which  he  requires  stiffeners  to  be  placed 
about  the  depth  of  the  girder  apart  when  the  shearing  stress  on  the 
web  exceeds  that  allowed  by  the  formulas  given. 

Referring  to  Fig.  2,  it  will  be  noted :  (1)  that  the  lines  of  maximum 
compressive  stress  in  the  web  are  concentrated,  as  it  were,  in  the  dark 
area  near  the  stiffeners,  and  that  they  have  changed  in  direction  from 
45°,  being  deflected  toward  that  portion  of  the  plate  best  able  to 
resist  compression  by  virtue  of  the  lateral  support  of  the  stiffener 
angleB ;  (2)  that  the  path  over  which  the  maximum  stresses  act  is  but 
slightly  longer  than  it  would  be  were  the  tensile  and  compressive 
stresses  acting  at  45°  with  each  other;  and  (3)  it  is  evident  that  the  in- 
tensity of  the  stresses  in  the  dark  area  in  excess  of  those  in  the  other 
portion  of  the  plate  is  a  direct  function  of  the  size  of  the  panel,  and 
an  inverse  function  of  the  thickness  of  the  plate. 

Were  the  stiffeners  applied  vertically,  and  so  close  together  that 
the  web  is  practically  stiffened  all  over,  it  would  undoubtedly  be  in  a 
condition  of  internal  stress  similar  to  that  of  the  plate  of  a  flitched 
beam,  which  the  common  theory  covers  exactly.  For  cases  between 
this  extreme  condition  of  excessive  stiffening  and  that  of  stiffeners 
spaced  economically,  as  investigated,  intermediate  conditions  of  in- 
ternal stress  would  naturally  be  expected.  A  solution  will  be  offered 
for  one  only  of  these,  as  giving  a  fair  insight  to  the  treatment  proposed 
for  other  cases. 

Referring  now  to  observations  1  and  2,  concerning  the  distribution 
of  stress  shown  in  Fig.  2,  these  deductions  may  be  summarized  in  the 
statement  that  a  load  seeks  the  shortest  course  consistent  with  the 
strongest  members,  or  parts. 

Referring  now  to  Fig.  3,  as  in  Fig.  2,  the  belts  or  areas  of  maximum 
compression  would  be  expected  near  the  stiffener,  and  slightly  inclined 
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TUo  inuut  of  moat  interest  in  this  case,  with  a  distribution  of  stress 
*2t  outhucd.  would  be  that  the  stiffen er  would  be  strained  much  less 
th*u  iu  the  first  case,  Fig.  2,  since  the  stiffener  does  not  follow  the 
center  liue  of  either  belt  of  maximum  stress,  but,  lying  between  them, 
the  component  of  the  distortion  of  the  compressive  belt  along  the 
length  of  the  stiffener  is  offset  in  a  measure  by  that  of  the  tensile  belt 
of  maximum  stress  across  it  at  the  center. 

The  action  of  the  stiffener  in  affecting  the  distribution  of  stress  in 
the  web  may  be  regarded  as  two-fold: 

First.  In  rendering  the  plate  in  its  vicinity  better  able  to  resist 
compressive  stress  through  the  lateral  support  it  affords,  thus  causing 
an  uneven  distribution  of  stress  in  the  web,  as  shown  in  Fig.  2. 

Second.  Under  favorable  conditions,  it  may  relieve  the  web  of  a 
considerable  portion  of  the  compressive  web  stress.  • 

For  the  former  action,  few  rivets  are  required,  but  to  act  efficiently 
in  the  latter  capacity,  where  the  stiffeners  are  economically  spaced, 
they  should  be  well  riveted. 

The  effect  of  this  distribution  of  the  web  stress  in  belts  should,  in 
the  writer's  judgment,  be  taken  into  consideration  in  proportioning  the 
flanges,  particularly  where  the  girders  are  short  and  deep,  and,  fur- 
thermore, in  deciding  on  the  spacing  of  the  rivets. 

Measurements  by  Method  B. — When  a  bar  is  loaded,  the  elastic  dis- 
tortion is  opposed  and  limited  by  the  internal  molecular  forces;  in 
other  words,  it  is  said  that  the  internal  and  external  forces  are  in 
equilibrium.  This  at  once  conveys  the  conception  of  a  different  general 
or  average  distribution  of  internal  stress  between  the  molecules  and 
groups  of  molecules  along  different  axes,  dependent  on  the  direction 
of  the  external  constraining  force,  and  the  question  naturally  arises 
whether  the  material  will  present  different  properties  along  different 
axes  by  which  we  may  measure  Dearly  or  approximately  this  induced 
condition  of  internal  strain. 
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Thomson  has  answered  this  question,  partially,  at  least,  by  showing 
that  the  thermo-electric  quality  of  iron,  under  pressure,  deviates  from 
that  of  the  unstrained  metal  toward  bismuth  for  currents  in  the 
direction  of  the  strain,  and  toward  antimony  for  currents  perpendicular 
to  this  direction.  While  other  metals  examined  by  him — zinc,  brass, 
•copper  and  steel — showed  uniformly  the  reverse  effect  to  that  of  iron 
when  similarly  treated.* 

If  the  position  of  a  bar  in  the  thermo-electric  series  is  changed  by 
strain,  then  thiB  change  may  be  detected  by  clamping  to  the  strained 
bar  a  piece  of  similar  unstrained  metal  and  forming  a  circuit  between 
the  two  bars,  within  which  a  galvanometer  may  be  placed  to  measure 
the  thermo-electric  current  generated  by  heating  the  junction  of  the 
two  pieces  of  metal.  Then,  if  the  change  is  proportional  to  the  load 
or  the  strain  on  the  bar,  or  bears  a  known  relation  to  it,  this  provides 
the  necessary  means  of  measuring  the  stress. 

The  writer's  first  attempt  to  measure  stress  in  this  way  was  made  as 
follows:  A  2  x  £-in.  bar  was  placed  in  the  testing  machine,  and  another 
similar  bar  was  clamped  to  it  at  right  angles  or  horizontally,  using  a 
wood  clamp.  To  the  upper  end  of  the  bar  in  the  machine  was  attached 
a  steel  wire,  by  wrapping  a  few  turns  about  the  bar  and  clamping  with 
an  iron  clamp.  Another  steel  wire  was  attached  in  a  similar  manner 
to  the  end  of  the  horizontal  bar,  and  both  wires  were  then  connected 
with  the  Queen  D' Arson  val  galvanometer. 

The  junction  of  the  two  bars  was  then  heated  with  a  bag  of  hot 
water,  the  bag  being  wrapped  around  the  junction.  This  caused  no 
deflection  whatever,  there  being  no  load  on  the  bar.  Upon  applying 
a  load  of  15  000  lbs.  gradually,  there  was  noted  a  gradual  deflection  of 
1\  mm.,  which  disappeared  as  the  load  was  removed. 

As  this  deflection  was  much  too  small  to  be  satisfactory,  an  endeavor 
was  made  to  get  a  larger  deflection  by  using  a  Thomson  astatic  galva- 
nometer, instead  of  the  D'Arsonval,  but  the  instrument  was  so  badly 
disturbed  by  the  ground  currents  induced  by  the  street-railway  lines 
as  to  be  entirely  useless.  Thus,  the  only  thing  that  remained  to  do 
was  to  either  put  in  a  coil  of  less  resistance  in  the  D'Arsonval  galva- 
nometer or  apply  more  heat  to  the  junction. 

The  former  would  have  been  the  desirable  thing  to  do,  as  it  would 


*  Proceedings,  Royal  Society,  London,  18544ft.     Philosophical  Transactions,  Royal 
Society,  London,  1855-66. 


58 


THERMO-ELECTRIC  MEASUREMENT  OF  8TRE88.       [Papers. 


have  secured  accurate  work,  and  would  have  cost  only  about  $15.  The 
time  required  to  get  the  coil,  however,  about  three  weeks,  caused  the 
the  writer  to  use  the  latter  alternative. 

Wrapping  the  junction  with  asbestos  paper,  it  was  heated  up  to 
about  180°  with  a  gas  jet,  and  allowed  to  cool  to  about  150°  or  there- 
abouts. Heating  the  junction  with  the  bar  under  no  load  caused  no 
deflection,  but  as  soon  as  the  load  was  applied  a  deflection  was  secured 
roughly  in  proportion  to  the  load,  for  the  loads  up  to  about  18  000  or 
22  000  lbs.  per  square  inch,  beyond  which  the  increase  in  deflection 
was  at  a  far  smaller  ratio  than  the  increase  in  the  load. 

The  results  secured  are  given  in  part  in  the  following  tests.  In 
considering  them  it  should  be  borne  in  mind  that  the  junction  was 
gradually  cooling  by  radiation,  and  the  extent  of  the  rate  may  be  deter- 
mined roughly  by  the  slight  change  in  deflection  for  the  smaller  loads 
applied  at  the  latter  part  of  the  tests.  These  tests  are  very  easy  to 
make,  requiring  less  than  h%  of  the  time  necessary  for  direct  thermal 
measurement.  The  essential  element  necessary  for  satisfactory  work 
is  a  constant  source  of  heat  for  the  junction,  and  securing  a  similar 
piece  of  metal  to  that  which  is  being  investigated,  to  form  the  junction. 

Set  1. 


Load. 

Dbfucciton: 

Rate  per  1 000  lbs. 

Load  applied.      Load  removed. 

Average. 

11 100. 

0.6S 
0.70 
0.60 
0.47 
0.90 
0.57 

0.50 
0.66 
0.84 
0.46 
0.84 

0.51 

0.60 

0.78 

0.1 

1.05 

0.68 
0.70 
0.82 
0.70 
1.00 
0.58 

C.  A.  P.  Turner,  Obser 

Set  2. 

0.43 

0.68 
!  0.82 
1             0.61 

0.90 

A.  Zeleny.  Observer 

Set  3. 

0.51 
0.60 
0.76 
1.01 
1.05 
1 

0.606 

0.70 

0.71 

0.583 

0.96 

0.575 

ver. 

0.466 

0.67 

0.83 

0.53 

0.87 

0.51 

0.60 

0.75 

1.006 

1.05 

0.0575 

21000. 

0.0334 

22100 

0.0322 

10150 

0.0674 

31000 

0.0306 

10  750 

0.0534 

12  000 

0.0386 

28SJ00 

80  000 

0.0291 
0.0276 

14  200 

0.0378 

38  000 

0.0229 

16  000 

0.051 

12  000 

0.050 

15  (HI) 

0.050 

19  (100 

0.053 

28  360 

0.045 

C.  A.  P.  Turner,  Observer. 
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The  readings  of  Set  3  are  unquestionably  the  most  reliable,  as  the 
bars  had  had  time  to  become  of  nearly  a  uniform  temperature,  which 
may  perhaps  account  for  the  higher  point  at  which  the  rate  of  deflec- 
tion decreases. 

These  few  crude  experiments  should  not,  however,  be  taken  as  a 
basis  for  definite  conclusions,  further  than  that  the  method  appears  to 
be  practicable,  though  requiring  considerable  careful  work  to  place  it 
on  an  equally  satisfactory  basis  with  that  by  direct  thermal  measure- 
ment. 

This  method,  which  has  been  classed  as  "  B  "  in  the  early  part  of 
the  paper,  like  method  "A,"  appears  to  throw  an  interesting  light  on 
the  change  in  molecular  structure  of  the  metal,  under  such  stresses  as 
exceed  well-defined  limits.  As  the  temporary  strain  .changes  the 
thermo-electric  quality  of  the  material,  so  also  does  a  permanent 
strain,  but  the  residual  effect  of  the  permanent  strain  or  set  is  the  re- 
verse of  that  which  subsists  as  long  as  the  constraining  force  is  kept 
applied. 

Thomson  concludes  that  the  peculiar  thermo-electric  qualities  thus 
induced  are  those  of  a  crystal.  Thus,  he  finds  that  iron  bars  hardened 
by  longitudinal  compression  have  the  reverse  thermo-electric  property 
to  that  discovered  by  Magnus  in  wires  hardened  by  drawing,  and  that 
iron  under  lateral  compression  manifests  the  same  thermo-electric 
property  that  he  had  discovered  in  an  iron  wire  under  a  longitudinal 
stretching  force. 

Having  noted  the  characteristics  of  the  change  in  the  molecular 
structure  of  the  material,  caused  by  severe  stress,  it  may  naturally  be 
inquired,  at  what  intensity  of  stress  this  change  commences.  It  has 
been  noted  that  it  becomes  very  apparent  whenever  the  load  has  been 
sufficient  to  give  the  metal  a  permanent  set,  and,  as  such  yielding  is 
invariably  accompanied  by  the  evolution  of  heat,  the  inference  is  nat- 
ural that  the  commencement  of  this  change  in  structure  begins  when 
the  thermal  curve  ceases  to  be  a  straight  line. 

When  the  repetitions  of  severe  stresses  are  of  one  kind  only,  it 
may  be  conceived  that  there  is  a  gradual  change  in  the  structure  of 
the  bar  of  a  somewhat  homogeneous  character,  with  the  ultimate  result 
that  the  life  of  the  piece  would  be  long  under  Wohler  treatment.  But, 
on  the  other  hand,  where  the  range  of  stress  is  from  tension  to  com- 
pression, since  the  residual  effects  of  the  two  kinds  of  severe  stress  are 
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%.  \  w*m>  o*\tvr,  a  correspondingly  shorter  life,  dne  to  the  lack  of 
i  s-,>sv  ^s^V>  vu  th»  ohange  in  structure  by  the  two  kinds  of  severe 
...vs„v  *tumkt  I*  expected. 

\\  U*t  ta  tho  nature  of  this  residual  effector  change  of  the  molecu- 
Ut  «iiuctutt*y  It  has  been  noted  that  the  temporary  effect  of  mechan- 
to*  I  atv*iu  of  lower  intensity  is  to  change  the  thermo-electric  property 
\i(  the  mct*l>  ami,  apparently  with  reason,  it  has  been  attributed  to 

THERMAL  STRESS  CURVES 

BEFORE   AND   AFTER   OVER-STRAIN. 


10  15  20 

Load  on  bar,  in  1000-lb.  units. 

Fio.  5. 
an  unequal  distribution  of  the  inter-molecular  forces  opposing  the 
external  forces.  Arguing,  then,  that  similar  effects  are  produced  by 
similar  causes,  these  residual  effects  may  perhaps  be  attributed  to  a 
condition  of  permanent  internal  strain  along  certain  lines  or  axes,  the 
natural  result  of  which  would  enable  it  more  readily  to  resist  stress  of 
the  kind  which  produced  this  condition,  while,  at  the  same  time  ren- 
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dering  it  weaker  in  other  directions,  less  elastic  or  resilient  and  more 
likely  to  be  fractured  by  shock  or  sudden  loading. 

In  concluding  this  paper,  a  few  general  remarks  regarding  the 
elastic  condition  of  the  metal  investigated  may  not  be  amiss,  and  a 
careful  consideration  of  the  curves  presented  in  Fig.  5  will  give  a  fair 
idea  of  the  results  to  be  expected  under  ordinarily  careful  work,  de- 
pending upon  whether  the  specimen  is  in  a  truly  normal  or  unstrained 
condition,  or  whether  the  internal  structure  has  been  disturbed  by  re- 
cent overstrain.  If  the  latter  condition  is  that  wit]}  which  we  have  to 
deal,  regularity  of  results  cannot  be  expected,  and  the  writer's  work 
gives  some  ground  for  supposing  that  there  is  a  slight  difference  in 
the  amount  of  the  cooling  effect  due  to  the  stretching,  for  nearly  all 
loads,  it  being  less  in  cases  where  the  material  has  been  overstrained. 

In  the  tests  presented,  less  attention  has  been  paid  to  the  condition 
of  the  bars  than  in  determining  the  most  practical  type  of  junction  to 
use.  Further,  the  writer  regards  the  behavior  of  a  galvanometer  un- 
der a  load  continuously  applied  as  a  somewhat  more  satisfactory  indi- 
cation of  its  elastic  properties  than  the  measurements  which  may  be 
taken  consecutively  and  presented  as  has  been  done  in  the  tests 
given  herein. 

The  writer  takes  pleasure  in  acknowledging  the  assistance  received 
in  the  experimental  work  from  Mr.  Anthony  Zeleny,  Instructor  in 
Physics  at  the  University  of  Minnesota,  and  from  Messrs.  F.  G.  Skin- 
ner, A.  T.  Fay,  H.  A.  Eennicott  and  F.  E.  Cates. 
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A  GRAPHICAL  METHOD  FOR  THE  SOLUTION  OP 

STRESSES  IN  THE  CONTINUOUS  GIRDER, 

AS  APPLIED  TO  DRAWBRIDGES. 

Discussion.* 


By  Gbobge  F.  Babton,  Esq. 


Mr.  Barton.  Geobge  F.  Babton,  Esq.  (by  letter). — Mr.  Lindenberger  gives  an- 
other method  by  means  of  which  the  moments  and  shears  in  the  con- 
tinuous girder  may  be  found  graphically.  The  writer  has  not  been 
able  to  obtain  copies  of  the  Journal  of  the  Franklin  Institute,  referred 
to  in  explanation  of  this  method,  and,  therefore,  could  not  follow  it 
throughout.  The  method  seems  to  be  very  complete,  but  every  change 
in  the  position  of  the  loading,  or  the  style  of  the  loading,  necessarily 
changes  his  diagrams.  It  was  for  this  reason  that  the  writer  did  not 
go  any  farther  in  his  own  method. 

In  the  method  described  in  the  paper  it  is  only  necessary  to  lay  out 
one  diagram  once  for  all  spans  of  equal  arms,  no  matter  what  kind  of 
loading  may  be  on  the  structure,  or  what  length  the  arms  may  be. 
For  complicated  structures,  like  draw-bridges  and  arches,  most  de- 
signers would  be  glad  to  be  able  to  find  the  reactions  by  a  simple 
method,  and  would  not  care  to  get  the  moments  and  shears,  if,  by  do- 
ing so,  they  were  compelled  to  do  more  work  than  would  be  required 
to  compute  them  analytically,  after  having  found  the  reactions  graph- 
ically by  a  simple  method.  This  is  the  writer's  excuse  for  giving  a 
solution,  which,  as  a  graphical  solution,  is  incomplete. 

•Continued  from  December,  1901,  Proceedings.  See  October,  1901,  Proceedings  for 
paper  on  this  subject  by  George  F.  Barton,  Esq. 
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Mr.  La  Chicotte  recognizes  the  value  of  this  method,  from  this  point  Mr.  Barton, 
of  view,  and  shows  that,  while  the  ordinary  assumptions  may  be  very 
far  out  of  the  way,  engineers  seem  to  be  afraid  to  use  a  graphical 
method  which  will  save  them  considerable  time  and  worry,  and  yet 
which  will,  in  all  probability,  give  results  which  are  as  close  to  the 
actual  stresses  as  if  there  were  a  good  deal  of  refinement  in  the  calcu- 
lations. 

Mr.  La  Chicotte 's  very  simple  explanation  of  the  deflections  of 
beams  under  different  loadings  is  very  interesting,  and  shows  clearly 
how  a  little  settlement  of  the  supports,  or  a  change  in  the  temperature 
of  the  chords,  may  change  the  stresses  considerably. 
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V   nsVlVSED   SOLUTION  OP  SOME  HYDRAULIC 

PROBLEMS. 

Discussion.* 


Hv  Messrs.  I.  P.  Chcbch  and  Chawt.br  H.  Tctton. 


I,  1\  Chfbch,  Assoc  Am.  Soc.  C.  E.  (by  letter). — The  author  has 
o\  ulently  adopted  as  the  basis  of  treatment  the  "  laminar  hypothesis, " 
wr  assumption  of  flow  in  plane  layers  parallel  to  the  bed  (in  this  case 
\\t  uniform  motion  of  water  in  a  rectangular  channel  of  great  width), 
each  layer  moving  parallel  to  the  bed  with  a  constant  Telocity,  v0  -f-  v; 
where  r0  is  the  velocity  of  the  bottom  layer  (or  **  filament ")  and  r  the 
excess  of  the  velocity  of  any  layer  over  that  of  the  bottom  layer.  It  is 
well  known  that  this  hypothesis  gives  but  an  imperfect  representation 
of  the  reality,  but  it  has,  nevertheless,  been  adopted  by  many  writers  as 
a  convenient  rude  approximation  to  the  facts. 

It  is,  of  course,  a  rigorous  consequence  of  this  hypothesis,  by  the 
laws  of  mechanics,  that  the  layer  of  maximum  velocity  must  be  at  the 
surface  of  the  water  unless  there  is  an  up-stream  wind  (t.  *.,  up  stream 
relatively  to  the  surface  layer,  which  is  itself  in  motion) ;  also  that  the 
internal  fluid  pressure  is  constant  at  any  given  depth,  z  below  the  sur- 
face, so  that  the  end-pressures,  parallel  to  the  bed,  on  the  two  ends  of 
a  portion  of  a  layer,  of  length  /  and  width  unity,  are  equal,  leaving 
the  component  (parallel  to  the  bedi  of  the  weight  of  this  portion  to 
balance  the  (difference  between)  frictions  exerted  on  this  body  by  the 
adjacent  layers.     Since  the  motion  of  this  portion  of  a  layer  is  uniform 

*  Continued  from  December.  1901,  JVoceerf  fags.  See  November.  1901,  Proceeding*,  for 
paper  on  this  subject  by  Charles  H.  Tutton,  JL  Am.  Soc  C.  E. 
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and  rectilinear,  the  components  of  all  the  forces  acting  on  it  neutralize  Mr.  Church, 
each  other,  taken  parallel  to  any  axis  whatever;  but  an  axis  parallel  to 
the  bed  is  most  convenient,  since  it  avoids  bringing  into  play  the 
pressures  normal  to  the  upper  and  lower  forces  of  the  body.     Other- 
wise, mathematical  elimination  would  be  necessary. 

As  regards  the  viscous  "  friction  "  (or  shearing  action  due  to  inten- 
sity of  eddying)  between  contiguous  layers,  while  Navier  and  others 

consider  it   as  proportional  to  the  angular  velocity,   — ^= ,  or 

d  v 

—r-,  of  a  point  in  the  upper  surface  of  the  layer  with  respect  to  a 

point  just  underneath  in  the  lower  surface  of  the  same  layer,  the  author 
assumes  that  it  is  not  only  proportional  to  that  angular  velocity  but 
also  to  the  (excess)  velocity,  thus  following  the  line   indicated  by 

Bazin,*  that  it  should  be  proportional  to  K  — ■   " — -,   where  K  is  a 

quantity  dependent  on  the  velocity  (v0  -f-  v). 

Now,  it  is  to  be  noticed  that  what  the  author  calls  the  "first, 
or  ordinary  method  "  when  applied  to  the  equilibrium  of  the  aggrega- 
tion of  layers  (of  width  unity,  and  length  /)  situated  between  the 
depth,  Z,  of  maximum  velocity  (where  the  friction  is  zero)  and  any 
other  depth,  z  (where  the  friction  is  not  zero)  (it  being  assumed,  for 
justification  of  the  use  of  the  laminar  hypothesis,  that  there  is  an  up- 
stream wind)  gives  rise  to  the  equation : 

-Fl+pgl(z  —  Z)8  =  0 (32) 

in  which  s  =  slope  and  p  g  =  weight  of  a  unit  of  volume  of  water,  while 
F  denotes  the  friction  per  unit  area  on  the  under  surface  of  the  aggre- 
gation of  layers  in  question,  i.  e. ,  at  a  depth,  z,  from  the  free  surface 
of  the  water.  This  is  the  same  as  the  initial  equation  of  the  author's 
treatment  (on  page  994f)  and  is  identical  with  an  equation  established 
by  the  "  ordinary  method,"  given  on  page  196  of  Flamant's  "  Hydrau- 
lique,"  second  edition,  1900.  Flamant  deals  with  Navier's  assumption 
for  F9  while  Mr.  Tutton  assumes  F  of  the  form  already  indicated,  and 
proceeds  with  the  mathematical  treatment. 

It  is  also  to  be  noticed  that  Un  win's  treatment  of  the  same  problem}: 
is  practically  identical  with  that  of  this  paper  (the  ordinary  method 
is  used  to  establish  a  result  for  a  single  layer,  which  by  integration  is 
extended  over  any  number  of  layers).  Unwin  uses  the  Navier  form 
for  viscosity,  and  at  first  places  the  maximum  velocity  below  the  sur- 
face, remarking  later  that  if  there  is  no  resistance  at  the  surface  the 
maximum  velocity  will  occur  at  the  surface  (that  is,  he  calls  attention 
to  this  rigorous  outcome  of  using  the  laminar  hypothesis). 

Since,  then,  the  only  difference  between  the  analysis  of  the  author 

*  As  quoted  by  Collignon  in  his  "  Hydraulique,"  p!  807. 
t  Proceedings^  Am.  Soc.  C.  E.,  for  November,  1901. 
X  "  Enclop.  Brit."  article,  Hydromechanics,  page  496. 
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Mr.  Church,  and  that  of  the  writers  above  quoted  is  the  substitution  by  the  former 
of  a  special  viscosity  factor,  F,  in  place  of  the  Navier  form,  the  writer 
is  quite  unable  to  appreciate  the  alleged  imperfection  of  the  "  ordinary 
method."  In  presenting  what  he  calls  "the  other  method,"  the  author 
has  brought  out  the  familiar  fact  that  the  loss  of  head  in  the  case  of 
uniform  motion  in  an  open  channel,  between  any  two  points  of  a  given 
filament,  is  equal  to  the  vertical  distance,  I  sin.  a,  between  the  corre- 
sponding points  in  the  surface  of  the  stream;  that  is,  it  is  equal  to  the 
"  piezometric  fall,"  since,  for  uniform  motion  in  an  open  channel,  the 
surface  of  the  stream  plays  the  part  of  a  hydraulic  grade  line.  He  has 
also  brought  out  the  fact  that  the  uniform  motion  of  a  filament  or  layer 
in  the  present  problem  is  the  same  as  it  would  be  if  its  weight  had  no 
component  parallel  to  the  line  of  motion,  and  if  (in  addition)  the 
pressure  at  its  up-stream  end  parallel  to  the  bed  exceeded  that  at  the 
down-stream  end  by  an  amount,  p  g  I  sin.  a,  per  unit  of  end  area.  To 
such  a  statement  as  this  no  reader  would  take  exception,  and  probably 
this  is  all  that  is  meant  by  the  "  Law  "  on  page  991;*  but  the  author's 
language,  taken  literally,  would  seem  to  indicate  that  in  his  opinion  there 
actually  is  more  pressure  at  the  up-stream  end  of  a  portion  of  a  fila- 
ment than  at  the  down-stream  end;  which  is  quite  at  variance  with  the 
laminar  hypothesis. 

While  the  ellipse  as  the  vertical  velocity  curve  is  the  very  interest- 
ing outcome  of  the  special  viscosity  assumption  made  by  the  author,  the 
writer  can  see  no  reason  why  the  former  curve  does  not  stand  on  pre- 
cisely the  same  footing  as  the  parabola  (which  is  the  outcome  of  the 
Navier  assumption),  as  regards  any  explanation  of  the  fact  that  the 
maximum  velocity  is  not  at  the  surface  of  the  water  in  those  cases  where 
it  should  be  so  located  if  the  laminar  hypothesis  were  strictly  true. 
Such  a  case  is  presented,  for  example,  when  the  wind  is  down  stream 
and  has  a  velocity  equal  to  that  of  the  surface  layer;  under  which 
circumstances  it  seems  to  be  quite  generally  admitted  by  hydraulicians 
(Unwin,  Flamant,  Bazin,.  Francis,  etc.,  etc.)  that  experiment  shows 
the  maximum  velocity  (parallel  to  the  bed)  to  occur  below,  and  not  at 
the  surface.  The  conclusion  is  inevitable  that  a  satisfactory  explana- 
tion of  this  fact  must  involve  some  theory  of  internal  motion  differing 
radically  from  the  laminar  hypothesis.  Attempts  at  such  an  explana- 
tion, based  on  the  action  of  eddies  thrown  up  from  the  bottom, 
vertical  currents,  etc.,  etc.,  have  appeared  in  the  pages  of  the  Tran- 
sactions of  this  Society;  for  instance,  see  the  paper  (referred  to  by  the 
author)  by  Mr.  Francis,  in  Vol.  VII,  page  109,  and  the  discussion 
following  it. 

Mr.  Tutton.  Charges  H.  Tutton,  M.  Am.  Soc.  C.  E.(by  letter). — The  writer 
wishes  first  to  correct  an  error  of  statement  into  which  he  fell.  It  is 
stated  (page  990,*  etc.)  that  the  pressure  in  the  end  of  any  fillet 

*  Proceedings,  Am.  Soc.  C.  E.,  for  November,  1901. 
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(implying  the  upper  end)  is  pgls.  This  should  have  been  pgs.  Mr. Tutton. 
Considering  a  filament,  the  end  pressures  upon  it,  due  to  exterior 
filaments,  balance,  as  stated  by  Professor  Church.  In  the  fillet  itself, 
when  it  is  indefinitely  shortened,  pgs  may  be  considered  a  pressure 
applied  to,  as  well  as  a  component  of  weight  of,  the  resulting  mole- 
cule. At  the  lower  end  of  a  fillet,  of  length  /,  this  would  become 
pgls.     The  resulting  equations  are  not  altered  by  this. 

It  may  be  stated  that  while  pressure  and  weight  are  convertible 
terms,  the  writer  considers  weight  to  have  no  components  except  such 
as  are  vertical,  and  what  by  consent  are  called  components  of  weight 
are  in  reality  forces  developed  by  it,  which  can  only  be  defined  by 
their  effects.  The  idea  of  the  paper  is  to  confine  attention  to  the 
fillet,  and  divest  the  argument  of  the  idea  of  weight  as  measured  from 
the  free  surface,  which  is  claimed  to  be  a  necessary  consequence  of 
the  laminar  theory,  involving  the  fact  that  the  resistance  at  the 
surface  must  be  zero. 

That  this  latter  assumption  is  false  is  shown  by  the  fact  that  the 
maximum  velocity  is  below  the  surface,  even  under  the  action  of  a 
down -stream  wind.  This  has  been  shown  by  Boileau,  Humphreys 
and  Abbott,  Cunningham,  Ellis,  Bazin,  Price,  and  others.  It  follows, 
not  that  the  atmosphere  offers  no  resistance,  but  that  we  know  very 
little  of  its  character.  It  may  be  like  the  so-called  skin  of  the  water, 
and  be  very  great  as  compared  with  the  fluid  resistance  in  the  air 
immediately  above  it,  but  Nature  shows  that  it  exists.  For  this 
reason  it  has  been  assumed  as  a  liquid  resistance,  which  agrees  very 
well  with  experiment.  This  allows  an  axis  of  maximum  velocity 
below  the  surface,  the  depth  of  which  depends  on  the  relations 
between/  and  e.  In  the  illustrations  used  these  were  assumed  equal. 
As  a  matter  of  fact,  they  are  seldom  equal,  but  whatever  their  rela- 
tion, if  they  change  other  than  in  a  constant  ratio,  the  depth  of  axis 
will  change  with  them. 

Any  molecule  tends  to  sink  vertically  under  the  action  of  gravity, 
and  its  weight  consequently  develops  a  force  or  pressure  in  the  direc- 
tion of  flow  which  may  be  considered  as  applied  to  it.  All  forces, 
then,  necessary  to  overcome  the  resistances,  are  comprised  in  the 
molecule  itself,  and  if  its  motion  be  uniform  these  resistances  must 
be  equal  to  the  force  developed  in  the  direction  of  motion,  whatever 
that  direction  be.  As  a  logical  sequence,  in  any  river  flowing  with 
steady  (not  flood)  motion,  and  having  an  irregular  bed,  the  resistances 
in  each  section  would  be  measured  bv  the  forces  as  above  mentioned 
developed  in  that  section,  whatever  the  inclination  of  the  bed.  This 
is  necessary  in  order  that  all  molecules  move  instead  of  lying  in 
stagnant  pools,  and  is  conceded  in  pipe  flow.  It  will  also  be  seen 
that  pressure  is  required  to  produce  this  effect. 

The  writer's  mode  of  expression  on  page  1005*  was  unfortunate. 
*  Proceedings^  Am.  Soc.  C.  E.,  for  November,  1901. 
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Mr.  Tutton.  it  was  not  the  intention  to  assert  that  atmospheric  press  tire,  as  dis- 
tinct from  gravity,  produced  motion,  but  to  remove  the  hydraulic 
grade  line,  so  that  such  grade  line  could  be  compared  with  that  of  a. 
pipe,  exterior  to  the  liquid  in  the  pipe. 

To  further  justify  the  elliptical  velocity  curve,  the  experiments  in 
Tables  Nos.  3  and  4  are  presented,  in  which,  however,  /  does  not 
equal  e.  No  effort  has  been  made  to  find  the  most  perfect  fitting 
curve,  but  it  is  suggested  that,  developed  on  the  laminar  theory,  they 
*  plainly  show  that  the  assumption  of  no  resistance  at  the  surface  is- 
not  true,  and  that  forces  developed  by  weight  are  not  necessarily 
weight  itself. 

TABLE  No.   3.— Vertical  Velocity  Curves  at  Carrollton,  Miss., 

1883.    W.  G.  Price. 

See  Chief  of  Engineer's  Report,  1884,  page  2878. 
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D.  F.  Henry's  experiments  on  the  Niagara,  St.  Lawrence,  and  St. 
Clair,  are  also  referred  to.  * 

Mr.  Herschel's  remarks,  however  appropriate  to  pipes,  are  scarcely- 
applicable  to  rivers  where  current  meters  must  be  used,  Venturi  meters 
and  weirs  not  being  applicable.  E.  C.  Murphy,  Assoc.  M.  Am.  Soc. 
C.  E.,  in  his  paper  on  "  Current  Meter  and  Weir  Discharge  Compari- 
sons,"t  shows  that  these  two  methods  of  measurement  agree  remark- 
ably well;  yet,  when  using  a  current  meter,  velocity  curves  must  be 
considered.     He  would  be  a  poor  engineer  who  could  not  use  his  instru- 

*  Journal,  Franklin  Inst.,  1871. 
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Mr.  Tutton.  ments,  and  it  is  considered  that  the  meaning  of  these  velocity  carves 
lies  as  much  in  the  province  of  the  engineer  as  in  that  of  the  physicist. 
Sewers  have  been  tested  in  Buffalo  by  using  a  mixture  of  fluorescein 
and  sodium  hydrate,  but  without  results  comparable  to  those  of  Mr. 
Benzenberg,  and  if  his  experiment  be  considered  conclusive,  Mr. 
Herschel's  subsidiary  currents  would  appear  to  be  without  foun- 
dation. 
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MINUTES  OF  MEETINGS. 


OF  THE  SOCIETY. 


FORTY-NINTH  ANNUAL  MEETINU.* 

January  15th,  190a. — The  meeting  was  called  to  order  at  10.25 
a.  m.,  President  J.  James  R.  Croes  in  the  chair;  Charles  Warren  Hunt, 
Secretary. 

Messrs.  John  B.  Duncklee  and  G.  W.  Bramwell  were  appointed 
tellers  to  canvass  the  ballots  for  officers  for  the  ensuing  year. 

The  reading  of  the  minutes  of  the  meeting  of  January  8th  was 
dispensed  with. 

*  A  full  report  of  the  Forty-ninth  Annual  Meeting  is  printed  on  pages  84  to  69  of 
this  number  of  Proceedings. 
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The  Annual  Report  of  the  Board  of  Direction*  and  the  Annual 
Reports  of  the  Secretary  and  of  the  Treasurer  for  the  year  ending 
December  31st,  1901,  were  presented,  and,  on  motion,  duly  seconded, 
accepted. 

The  consideration  of  the  following  proposed  amendment  was  then 
taken  up : 

Amend  Article  III  of  the  Constitution  as  follows : 

"  (a)  By  changing  the  numeration  of  the  present  paragraphs  1,  2,  3, 
4,  5,  6,  7,  8,  9,  10  &  11  respectively  to  2,  3,  4,  5,  6,  7,  8,  9,  10,  11, 
&12. 

**  (b)  By  prefixing  a  new  paragraph, 1 ,  to  read  as  follows,  viz., 

1 1. — Election  to  membership  in  every  grade  shall  be  by  the  Board 
of  Direction  and  respectively  as  hereinafter  provided. ' 

"  (o)  By  striking  out  the  concluding  ten  words  in  the  present  para- 
graph 3  newly  numbered  4  and  substituting  in  place  thereof  the 
following,  *  *  *  *  may  then  proceed  to  take  action  on  the 
applications. ' 

' '  (d)  By  inserting  in  the  first  line  of  new  paragraph  5,  after  the  first 
occurrence  of  the  word  *  ballots,'  the  words  *  for  the  election  of 
Corporate  Members. '  Also  by  striking  out  the  word  '  Corporate ' 
before  Member,  in  the  second  line  and  inserting  the  words  '  of 
the  Board '  after  the  same.  Also  by  striking  out  the  three  con- 
cluding lines  and  substituting  therefor,  the  following,  viz, '  Three 
or  more  negative  votes  shall  prevent  the  election  of  a  candidate. 
In  the  case  of  election  the  Board  shall  at  once  notify  the  mem- 
bership. In  the  case  of  failure  to  elect  the  candidate  shall  be 
notified.  In  either  case,  all  the  correspondence  pertaining 
thereto  shall  be  preserved  by  the  Board. ' 

14  (e)  By  striking  out  all  of  the  present  paragraph  5,  newly  numbered 
6,  and  substituting  therefor  a  new  paragraph  6,  as  follows,  viz., 
'  6 — In  case  of  failure  to  elect  a  candidate  a  new  application  by 
the  same  candidate  shall  not  be  accepted  or  considered  until 
after  the  expiration  of  one  year  from  the  date  of  the  ballot  at 
which  his  name  was  last  presented  for  election. ' " 

This  amendment  was  proposed  by  Messrs.  Foster  Crowell,  B.  M. 
Harrod,  W.  J.  Hardee,  Henry  B.  Richardson,  John  Findley  Wallace, 
Charles  L.  Strobel  and  Ralph  Modjeski,  and  was  presented  for  discus- 
sion at  the  Thirty-third  Annual  Convention,  at  Niagara  Falls,  N.  Y., 
June  25th,  1901.  It  was  at  that  meeting  referred  to  a  Committee  con- 
sisting of  seven  members,  one  from  each  Geographical  District,  for 
report  to  the  Forty-ninth  Annual  Meeting. 

The  report  of  the  Committee  on  the  advisability  of  the  Proposed 
Amendment  to  the  Constitution  relating  to  the  manner  of  election 
of  membersf  was  presented  by  the  Secretary. 

The  amendment  was  discussed,  but  was  not  amended. 

*  See  pages  5  to  18  of  Proceedings  for  January,  1902,  for  the  Annual  Reports  of  the 
Board  of  Direction,  the  Secretary  and  the  Treasurer. 

t  See  page  86. 
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The  following  resolution  was  offered  by  Theodore  Cooper,  M.  Am. 
Soc.  C.  E. : 

Resolved,  That  it  is  the  sense  of  this  meeting  that  the  Board  of  Direc- 
tion shall  have  the  power  to  classify  applicants  before  their  names 
appear  on  any  published  list  of  candidates;  and,  farther, 

Resolved,  That  a  committee  be  appointed  to  report  an  amendment 
to  the  Constitution,  which  shall  embody  this  idea,  and  report  it  at  the 
next  Annual  Convention,  for  consideration. 

The  resolution  was  adopted. 

The  following  resolution  was  also  offered  by  Mr.  Cooper: 

Resolved,  That  a  committee  be  appointed  to  report  to  the  next 
Annual  Convention  upon  raising  the  standard  of  qualifications  for  the 
several  grades  of  membership. 

The  resolution  was  adopted. 

It  was  moved,  seconded  and  carried  that  the  questions  embodied  in 
the  two  foregoing  resolutions  be  referred  to  the  same  committee  and 
that  that  committee,  which  shall  consist  of  one  member  from  each  of 
the  seven  geographical  districts,  be  appointed1  by  the  President. 

The  Secretary  presented  a  report  of  the  Committee  on  Uniform 
Tests  of  Cement.* 

It  was  moved  by  F.  W.  Skinner,  M.  Am.  Soc.  C.  E. ,  that  the  report 
be  accepted,  and  that  the  recommended  change  in  the  title  of  the  Com- 
mittee be  made. 

The  motion,  being  duly  seconded,  was  carried. 

The  following  were  appointed  members  of  the  Nominating  Com- 
mittee for  two  years : 

John  G.  Van  Horns Representing  District  No.  1. 


George  A.  Kimball 

John  F.  Alden 

Samuel  Tobias  Wagner. 

Ambrose  V.  Powell 

James  M.  Johnson 

William  W.  Follett 


No.  2. 
No.  3. 
No.  4. 
No.  5. 
No.  6. 
No.  7. 


The  Secretary  read  a  telegram  from  E.  L.  Corthell,  M.  Am.  Soc. 
C.  E.f 

The  Secretary  reported  that  the  Board  of  Direction  has  awarded 
the  prizes  for  the  year  ending  with  the  month  of  July,  1901,  as  follows: 

The  Thomas  Fitch  Rowland  Prize  to  Paper  No.  881,  entitled  "  The 
Ninety -sixth  Street  Power  Station  of  the  Metropolitan  Street  Railway 
Company,  of  New  York  City,"  by  L.  G.  Montony,  Assoc.  M.  Am.  Soc. 
C.  E. 

The  Colling  wood  Prize  for  Juniors  to  Paper  No.  883,  entitled 
"A  Proposed  Method  for  the  Preservation  of  Timber,"  by  F.  A.  Rum- 
mer, Jun.  Am.  Soc.  C.  E. 

♦See  page  50. 
t  See  page  83. 
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The  Secretary  reported  the  result  of  the  ballot  on  the  appointment 
of  the  proposed  Special  Committee  on  Bail  Sections.* 

The  Secretary  read  a  letterf  from  John  F.  Wallace,  Past-President 
Am.  Soc.  G.  E. ,  calling  attention  to  the  proposed  Isthmian  Canal,  and 
proposing  that  the  meeting  should  formulate  an  expression  of  opinion 
to  be  directed  to  Congress. 

On  motion,  duly  seconded,  it  was  voted  to  refer  the  matter  to  the 
Board  of  Direction,  with  power. 

A  motion  to  memorialize  Congress  and  send  a  committee  to  Con- 
gress to  present  reasons  why  the  civil  engineering  profession  at  large 
should  be  considered  in  the  Bill  for  the  prosecution  of  work  on  the 
proposed  Isthmian  Canal  was  offered,  discussed,  and  laid  upon  the 
table. 

The  Secretary  read  a  letter  from  Boberto  Gayol,  M.  Am.  Soc.  C.  E., 
inviting  the  Society  to  hold  its  Annual  Convention  of  1903  in  the  City 
of  Mexico. 

The  Secretary  presented  the  report]:  of  the  tellers  appointed  to 
canvass  the  Ballot  for  Officers  for  the  ensuing  year. 

The  President  announced  the  election  of  the  following  officers: 

President,  to  serve  one  year: 
Bobebt  Moore,  St.  Louis,  Mo. 

Vice-Presidents,  to  serve  ttoo  years  : 

Charles  C.  Schneider,  New  York  Citv. 
John  B.  Freeman,  Providence,  B.  I. 

Treasurer,  to  serve  one  year  : 
Joseph  M.  Knap,  New  York  City. 

Directors,  to  serve  three  years: 

District  No.  1. — Richard  S.  Buck,  New  York  Citv. 
District  No.  1. — George  H.  Pegram,  New  York  City. 
District  No.  1. — William  J.  Wilgus,  New  York  Citv. 
District  No.  2. — William  Jackson,  Boston,  Mass. 
District  No.  <?.—  Edmund  F.  Van  Hoesen,  Buffalo,  N.  Y. 
District  No.  7. — James  L.  Frazier,  San  Francisco,  Cal. 


*  See  page  66. 
t  See  page  66. 
t  See  page  84. 
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A  vote  of  thanks  was  passed  for  the  tellers  who  canvassed  the  Bal- 
lot for  Officers. 

The  following  resolution,  offered  by  J.  A.  Ockerson,  M.  Am.  Soo. 
O.  E.,  was  duly  seconded  and  carried: 

"  Resolved,  That  the  American  Society  of  Civil  Engineers  heartily 
favors  the  collection  of  a  representative  engineering  exhibit  for 
the  Louisiana  Purchase  Exposition,  to  be  held  in  St.  Louis  in 
1903,  to  illustrate  in  a  creditable  way  the  important  part  that  the 
engineering  profession  has  taken  in  the  material  progress  of  the 
country  during  the  past  century,  and  to  this  end  we  recommend  the 
earnest  co-operation  of  all  members  of  this  and  other  engineering 
societies. " 

The  Secretary  made  announcement  of  certain  features  in  connec- 
tion with  the  programme  of  the  Annual  Meeting,  and  read  a  letter 
from  George  H.  Fegram,  M.  Am.  Soc.  C.  E.,  inviting  the  Society  to 
inspect  the  power-house  of  the  Manhattan  Railway  Company,  at 
Seventy -fourth  Street  and  East  River. 

The  President  called  Vice-President  C.  C.  Schneider  to  the  chair. 

Adjourned. 


February  5th,  190a. — The  meeting  was  called  to  order  at  8.45  p.  m. 
Emil  Kuichling,  Director,  in  the  chair;  Charles  Warren  Hunt,  Secre- 
tary; and  present,  also,  96  members  and  13  guests. 

The  minutes  of  the  meeting  of  January  8th,  1902,  were  approved  as 
printed  in  the  Proceedings  for  January,  1902.  The  approval  of  minutes 
of  the  Annual  Meeting  was  deferred  until  they  are  printed  in  the 
Proceedings  for  February,  1902. 

A  paper  entitled  "The  Supporting  Power  of  Piles,"  by  Ernest  P. 
Goodrich,  Jun.  Am.  Soc.  C.  E.,  was  presented  by  the  author. 

The  Secretary  read  a  communication  on  the  subject  by  E.  Sherman 
Gould,  M.  Am.  Soc.  C.  E.,  and  the  subject  was  discussed  verbally 
by  H.  J.  Howe,  M.  Am.  Soc.  C.  E.,  and  the  author. 

Ballots  were  canvassed  and  the  following  candidates  declared 
elected : 

As  Members. 

Charles  Francis  Chase,  New  Britain,  Conn. 
Andrew  Oswald  Cunningham,  Cleveland,  Ohio. 
Wilhelm  Hildenbrand,  New  York  City. 
John  Wykkham  Jacomb-Hood,  London,  England. 
William  Pliny  Snow,  Auburndale,  Mass. 
John  Marshall  Gilkison  Watt,  Frankfort,  Ky. 
Julius  Christian  Wiest,  Managua,  Nicaragua. 
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As  Associate  Members. 

Thomas  Pettus  Branch,  Atlanta,  Ga. 
James  Burden,  Troy,  N.  Y. 
Frederick  Edwards,  Schenectady,  N.  Y. 
George  Alec  Harwood,  New  York  City. 
Frederic  de  Pbyster  Hone,  New  York  City. 
Thomas  Forrester  McGilvray,  D ninth,  Minn. 
Alexander  Orr,  Gloversville,  N.  Y. 
Edward  Dana  Sabine,  Wakefield,  Mass. 
William  Ambrose  Dudley  Short,  Lexington,  Ey. 
Charles  Joseph  Tilden,  New  York  City. 
Robert  Sfurr  Weston,  Boston,  Mass. 
Percy  Hartshorne  Wilson,  Camden,  N.  J. 

The  Secretary  announced  the  election  of  the  following  candidates 
by  the  Board  of  Direction  on  Febrnary  4th,  1902: 

As  Associates. 

William  Rogers  Copeland,  Philadelphia,  Pa. 
Almon  Homer  Fuller,  Seattle,  Wash. 

As  Juniors. 

Clifford  George  Dunn  ells,  Pittsburg,  Pa. 
Myron  Samuel  Falk,  New  York  City. 
Stanley  Alfred  Miller,  Mobile,  Ala. 
Luis  Gonzaga  Morphy,  Troy,  N.  Y. 
Walther  Raster,  Chicago,  HI. 
Clarence  Webster  Raynor,  Detroit,  Mich. 

The  Secretary  announced  the  death  of  the  following  Members : 

Moritz  Lassig,  elected  Member  April  2d,  1884;  died  January  13th, 
1902. 

Nathaniel  Edwards  Russell,  elected  Member  October  3d,  1888; 
died  January  14th,  1902. 

William  Van  Slooten,  elected  Member  November  3d,  1897;  died 
December  14th,  1901. 

Adjourned. 

February  loth,  iooa. — The  meeting  was  called  to  order  at  8.45 
p.  m.,  Nelson  P.  Lewis,  M.  Am.  Soc.  C.  K,  in  the  chair;  Charles 
Warren  Hunt,  Secretary;  and  present,  also,  81  members  and  14  guests. 
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A  paper  by  Walter  Loring  Webb,  Assoc.  M.  Am.  Soc.  C.  E., 
entitled  "  Some  Devices  for  Increasing  the  Accuracy  or  Rapidity 
of  Surveying  Operations,"  was  presented  by  title. 

Written  discussions  by  Messrs.  G.  H.  Matthes,  C.  A.  Sundstrom, 
John  F.  Hay  ford,  Willard  D.  Lock  wood  and  L.  0.  Sabin  were  pre- 
sented by  the  Secretary.  The  subject  was  discussed  verbally  by 
Messrs.  Oscar  Erlandsen,  K.  B.  Stanton  and  George  A.  Taber. 

The  Secretary  announced  the  death  of  Kenneth  Oake  Plummer 
Reinholdt  elected  Junior,  February  6th,  1894;  Associate  Member, 
October  7th,  1896;  died  February  6th,  1902. 

Adjourned. 


OF  THE  BOARD  OP  DIRECTION. 

(Abstract. ) 

January  15th,  1902. — 2  p.  m. — Vice-President  Haines  in  the  chair; 
Ghas.  Warren  Hunt,  Secretary;  and  present,  also,  Messrs.  Buck,  Croes, 
Freeman,  Knap,  Kuichling,  O'Rourke,  Pegram,  Schneider,  Seaman 
and  Wilgus. 

A  Finance  Committee,  a  Library  Committee,  a  Committee  on  Pub- 
lications, and  a  Committee  on  Membership  were  appointed. 

A  letter-ballot  of  the  Board  was  ordered  for  the  election  of  a  Sec- 
retary for  the  ensuing  year. 

Adjourned. 

February  4th,  190 J. — 8.05  p.  m. — Vice-President  Schneider  in  the 
Chair;  Charles  Warren  Hunt,  Secretary,  and  present,  also,  Messrs. 
Briggs,  Buck,  Croes,  Knap,  Kuichling,  Pegram,  Seaman,  Swain  and 
Wilgus. 

A  letterrballot  for  the  election  of  a  Secretary  was  canvassed  by 
tellers  appointed  for  the  purpose,  and  Charles  Warren  Hunt  was 
declared  elected. 

The  resignations  of  Edmund  C.  Stout,  Assoc.  M.  Am.  Soc.  C.  £., 
and  Arthur  W.  Robinson,  Jun.  Am.  Soc.  C.  E. ,  were  accepted. 

Progress  Reports  were  received  from  the  various  Committees. 

Action  was  taken  in  regard  to  members  in  arrears  for  dues. 

Applications  were  considered  and  other  routine  business  trans- 
acted. 

Two  candidates  for  Associate  and  six  for  Junior  were  elected.* 

Adjourned. 

*  See  page  31. 
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REPORT     IN     FULL    OF    THE     FORTY-NINTH    ANNUAL 
MEETING,  JANUARY  15th  and  16th,  1902. 

Meeting  Called        Wednesday,  January  15th,  1903. — The  meeting  was  called  to  order 
to  Order.      at  10  25  A  M  .  President  J.  James  R.  Croes  in  the  chair;  Charles  Warren 
Hunt,  Secretary. 

The  President.  —This  is  the  Annual  Meeting,  and  is  not  one  of  the 
meetings  in  the  regular  course.  The  minutes  of  the  meeting  of 
January  8th,  1902,  will  be  printed  in  the  January  Proceedings,  and . 
come  up  in  due  course  for  action  at  the  meeting  of  February  5th.  In 
view  of  this  fact,  the  reading  of  the  minutes  of  this  last  meeting  may  be 
dispensed  with  at  this  meeting,  and  so  we  will  proceed  with  the  regular 
business. 
Tellers  The  first  thing  is  the  appointment  of  tellers  to  canvass  the  ballots 

ppo  n  |Qr  0fgoerg)  whicn  ballot  will  be  closed  at  12  o'clock,  in  accordance  with 
the  terms  of  the  Constitution.  Any  members  present  who  have  not 
voted  will  have  an  opportunity  to  vote  before  that  time.  At  12  o'clock 
the  ballot  will  be  closed,  and  I  appoint  as  tellers  to  canvass  the  votes 
Messrs.  John  B.  Duncklee  and  George  W.  Bramwell.  The  tellers  can 
proceed  at  once  with  the  counting  of  the  ballots  that  have  been 
received,  and  any  ballots  that  are  received  before  12  o'clock  will  be 
furnished  to  them  before  that  time. 
Report  of  the  The  first  business  in  order  is  the  report  of  the  Board  of  Direction 
feon.     for  the  year  1901. 

The  Secretary  read  the  report  of  the  Board  of  Direction.* 

The  President. — The  report  of  Board  is  received  and  will  be  placed 
on  file.     The  next  in  order  is  the  report  of  the  Secretary. 

The  Secretary  read  his  re  port,  f 

The  President. — The  report  will  be  placed  on  file.  The  next  in 
order  is  the  report  of  the  Treasurer. 

The  Treasurer  read  his  report.  J 

Joseph  M.  Knap,  Treasurer,  Am.  Soc.  C.  E. — Gentlemen,  I  simply 
wish  to  emphasize  here  to  the  members  that,  while  we  are  paying  oft" 
$5  000  on  the  bond  and  mortgage,  the  Board  has  considered  that  that  is 
enough  to  pay,  although  we  have  made  more  money  than  that,  consid- 
erably, during  the  past  year,  and  it  is  good  policy,  the  Board  thinks, 
to  let  the  present  generation,  so  to  speak,  have  the  advantage  of  our 
profits  and  our  prosperity,  and  not  pay  off  everything.  We  might 
pay  off  this  house  debt  in  a  very  few  years,  but  I  think  we  can  leave 
that  to  posterity.     What  has  posterity  done  for  us? 

The  President.  — The  Treasurer's  report  will  be  placed  on  file.  The 
next  business  is  the  proposed  amendment  to  the  Constitution. 

*See  Proceedings,  Vol.  xxviil,  p.  5  (January,  1902). 
tSee  Proceedings,  Vol.  xxvili,  p.  15  (January,  1902). 
$See  Proceedings,  Vol.  xxvlil,  p.  18  (January,  1902). 
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The  Secretary  read  the  proposed  amendment,  as  follows: 

"  Amend  Article  III  of  the  Constitution  as  follows: 

"  (a)  By  changing  the  numeration  of  the  present  paragraphs  1,  2,  3,  4, 
5,  6,  7,  8,  9,  10  and  11,  respectively  to  2,  3,  4,  5,  6,  7,  8,  9,  10,  11 
£12. 

"  (b)  By  prefixing  a  new  paragraph, 1 ,  to  read  as  follows,  viz, 

'  1. — Election  to  membership  in  every  grade  shall  be  by  the  Board 
of  Direction  and  respectively  as  hereinafter  provided.' 

"  (c)  By  striking  out  the  concluding  ten  words  in  the  present  paragraph 
3  newly  numbered  4  and  substituting  in  place  thereof  the  follow- 
ing, *  *  *  4  may  then  proceed  to  take  action  on  the  applica- 
tions. * 

4  (d)  By  inserting  in  the  first  line  of  new  paragraph  5,  after  the  first 
occurrence  of  the  word  'ballots,'  the  words  'for  the  election 
of  Corporate  Members. '  Also  by  striking  out  the  word  ' Cor- 
porate '  before  Member,  in  the  second  line  and  inserting  the  words 
'  of  the  Board '  after  the  same.  Also  by  striking  out  the  three 
concluding  lines  and  substituting  therefor,  the  following,  viz 
*  Three  or  more  negative  votes  shall  prevent  an  election  of  a  can- 
didate. In  the  case  of  election  the  Board  shall  at  once  notify  the 
membership.  In  the  case  of  failure  to  elect  the  candidate  shall 
be  notified.  In  either  case,  all  the  correspondence  pertaining 
thereto  shall  be  preserved  by  the  Board.' 

*'  (e)  By  striking  out  all  of  the  present  paragraph  5,  newly  numbered  6, 
and  substituting  therefor  a  new  paragraph  6,  as  follows,  viz, 
'6. — In  case  of  failure  to  elect  a  candidate,  a  new  application  by 
the  same  candidate  shall  not  be  accepted  or  considered  until  after 
the  expiration  of  one  year  from  the  date  of  the  ballot  at  which  his 
name  was  last  presented  for  election. ' " 

The  Secretary. — I  have  the  report  of  the  Committee  which  was 
appointed  upon  the  proposed  amendment,  which  the  chairman,  Mr. 
G.  S.  Greene,  Jr.,  has  forwarded  to  me,  and  which  he  has  asked  me  to 
present  to  the  meeting. 

The  President. — The  report  of  the  Committee  appointed  at  the 
Annual  Convention  to  consider  this  proposed  amendment  to  the  Con- 
stitution will  be  read: 

The  report  was  read  by  the  Secretary  as  follows: 

Report  of  the  Committee  on  the  Advisability  of  the  Proposed 
Amendment  to  the  Constitution  relating  to  the  Manner  of 
Election  of  Members. 

The  undersigned,  having  been  appointed  by  the  President  of  the 
Society,  acting  under  the  instructions  of  the  Business  Meeting  held 
at  the  Annual  Convention,  June  25th,  1901,  as  a  Committee  to  report 
to  the  Annual  Meeting,  January  15th,  1902,  on  "The  Advisability  of 
the  Proposed  Amendment  to  the  Constitution  relating  to  the  Manner  of 
Election  of  Members,"  having  duly  considered  the  matter,  beg  leave 
to  report  as  follows: 

The  object  of  the  amendment  is  to  put  the  election  of  members 
in  the  hands  of    the  Board  of  Direction,  and  that  the  other  mem- 


Proposed 
Amendment 

to  the 
Constitution. 
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iMscusHion  on  DerB  of  the  Society  shall  have  no  vote  or  power  in  the  selection  of 

Constitution,   members. 

The  reason  for  that  change  .in  the  Constitution  appears  to  be 
that  several  persons,  after  having  been  passed  as  proper  candidates 
by  the  Board  of  Direction,  have  been  rejected  by  the  vote  of  the 
corporate  members  of  the  Society,  and  that,  having  asked  for  recon- 
sideration and  another  vote,  a  number  of  them  have  been  admitted 
to  the  Societv. 

Upon  looking  up  the  records  of  the  Society,  it  appears  that,  in  the 
past  ten  years,  thirty -two  candidates  have  been  rejected  by  vote  of  the 
members  of  the  Society  and  have  asked  for  reconsideration  and  been 
voted  upon  by  what  is  generally  known  as  the  '  •  pink  ballot. "  Of  these 
thirty-two,  nineteen  were  elected  members  of  the  Society  and  the  other 
thirteen  were  defeated. 

It  does  not  seem  to  your  committee  that  the  small  number — aver- 
aging three  a  year — of  these  rejections  and  reconsiderations  is  of  suf- 
ficient consequence  to  make  a  change  in  the  Constitution  involving 
the  disfranchisement  of  the  members.  It  is,  of  course,  not  impossible 
for  the  Board  of  Direction  to  make  an  error,  and  it  is  possible  that  in 
case  they  should  do  so  it  may  possibly  be  corrected  by  the  ballot  of 
the  members. 

It  appears  that  one  cause  of  the  rejection  of  candidates  by  the  bal- 
lot is  that  of  their  classification;  at  present  the  Board  of  Direction 
classifies  a  man  according  to  his  request.  If  he  were  classified  by  the 
Board  of  Direction  according  to  its  judgment,  it  seems  probable  that 
the  number  of  rejections  would  be  greatly  diminished. 

Your  Committee  therefore  begs  leave  to  report  against  the  advisa- 
bility of  the  proposed  amendment,  and  to  recommend  that  measures 
be  taken  to  give  the  Board  of  Direction  power  to  classify  the  candidates 
before  sending  them  to  ballot. 

G.  S.  Greene,  Jr District  No.  1 


Edmund  K.  Turner 

John  Kennedy 

John  T.  Fanning.  . . . 
Benjamin  L.  Crosby. 
Geo.  H.  Mendell.  . . 


No.  2 
No.  3 
No.  5 
No.  6 
No.  7 


The  Secretary. — This  report  is  signed  by  every  member  of  the 
Committee  except  the  representative  of  District  No.  4,  Mr.  Bernard  B. 
Green,  who  is  here. 

Foster  Crowehl,  M.  Am.  Soc.  C.  E. — I  would  like  to  ask  the  Secre- 
tary whether  the  Committee  formulates  any  amendment  to  be  substi- 
tuted for  the  one  proposed  and  to  be  presented  to  the  Society  for 
ballot? 

The  Secretary. — It  has  not.  I  will  say  that  the  Chairman  of  the 
Committee  has  spoken  to  the  Secretary  about  that,  but  he  did  not 
think,  as  I  understood  him,  that  it  was  possible  to  make  an  amend- 
ment to  the  original  motion  at  this  time  which  would  be  germane  to 
it,  under  the  Constitution.  The  Constitution  says  that  a  proposed 
amendment  may  be  amended  in  a  manner  pertinent  to  the  original 
resolution.     The  object  of  this  proposed  amendment  is  to  place  the 


Affairs.]  REPORT  OF  THE  ANNUAL  MEETING.  37 

election  of  all  members  in  the  hands  of  the  Board  of  Direction  and 
take  it  ont  of  the  hands  of  the  Society. 

Theodore  Cooper,  M.  Am.  Soc.  C.  E. — Do  I  understand  that  the 
Board  of  Direction  has  no  right  to  classify  candidates?  Has  not  the 
Board  a  right,  if  the  evidence  is  before  it  that  a  man  should  belong  to 
a  particular  class,  to  pnt  him  there  and  not  nominate  him,  as  he  asks 
to  be  nominated  ?  If  a  candidate  asks  admission  to  this  Society  as  a 
member,  is  the  Board  compelled  to  recommend  him  as  a  member,  al- 
though it  may  nod  him  thoroughly  competent  for  a  junior  grade?  I 
think  it  belongs  to  the  Board  of  Direction  to  decide  that,  and  it  seems 
to  me  that,  where  there  is  any  doubt,  the  Board  can  better  give  .a 
junior  grade,  because  the  man  has  his  remedy  the  following  year.  It 
does  not  seem  to  me  that  we  need  any  amendment  to  the  Constitution  to 
correct  that  error.  It  seems  to  me  that  the  Board  can  say,  this  man  is 
qualified  for  such  and  such  a  grade,  and  recommend  him  for  that.  It 
seems  to  me  it  is  a  question  of  judgment  for  the  Board.  The  Board  asks 
the  members  to  give  it  opinions  in  regard  to  candidates,  and  that  would 
seem  to  indicate  that  the  Board  has  the  authority  to  determine  from  the 
evidence  presented  to  it  whether  a  man  is  competent  for  this  grade  or 
that.     It  is  a  matter  of  judgment  for  the  Board. 

Mr.  Crowell. — I  was  just  about  to  ask  to  have  that  section  read 
which  covers  the  authority  of  the  Board  in  that  case. 

P.  C.  Kicketts,  M.  Am.  Soc.  C.  E. — Isn't  it  a  very  simple  matter? 
That  is,  all  the  Board  of  Direction  has  to  state  to  the  man  is  this — and 
it  has  done  it,  I  think,  in  times  past:  We  will  recommend  your  passing 
to  ballot  if  you  will  accept  a  lower  grade,  and  if  you  do  not  accept 
the  lower  grade  we  will  not  pass  you  to  ballot,  because  we  do  not  think 
you  fit  to  pass  to  ballot  on  that  grade.  That  has  been  done,  and  it  cer- 
tainly seems  to  me  it  can  be  done  again.  It  seems  to  me  that  that 
covers  the  case. 

The  Secretary. — I  think  the  evident  misunderstanding  as  to  the 
powers  and  practice  of  the  Board  in  the  matter  of  the  classification  of 
applicants  can  easily  be  cleared  up. 

The  objections  to  the  present  system  of  self-classification  by  appli- 
cants for  membership  appear  to  be  that  every  applicant,  when  consid- 
ering his  eligibility,  may  be  assumed  to  have  a  very  different  point  of 
view  from  that  of  many  other  members  of  the  Society;  this  being 
evidenced  by  the  negative  votes  which  are  cast  on  every  ballot  by  mem- 
bers who  are  not  personally  acquainted  with  the  applicant.  The  appli- 
cant's point  of  view  as  to  eligibility  may  also  be  said  to  be  very  different 
from  that  of  the  Board  of  Direction. 

Very  often,  the  Secretary  has  to  assume  the  responsibility  of  return- 
ing applications  because  they  do  not  fulfill  the  letter  of  the  constitu- 
tional requirements,  and  this  has  to  be  done  without  presenting  the 
matter  to  the  Board,  and  is  usually  caused  by  the  applicant's  special 
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Discussion  on  interpretation  of  the  Constitution.  When,  however,  the  application, 
to  Constitution  fulfills  the  letter  of  the  requirements  of  the  Constitution  for  the  grade 
(continued).  ftppiie<j  forj  the  name,  record  and  list  of  references  of  each  candidate 
are  published  in  the  Blue  List,  and  the  applicant  is  thus  advertised  as 
a  candidate  for  that  particular  grade.  Under  the  present  system,  this 
also  must  be  done  before  the  application  is  brought  to  the  attention  of 
the  Board  of  Direction. 

The  Board,  after  having  secured  at  least  five  endorsements,  considers 
the  application  together  with  all  other  information  received  concerning 
it,  and  either  passes  the  applicant  to  ballot  in  the  grade  for  which  he 
applies,  or  notifies  him  that  he  is  eligible  for  a  lower  grade,  and  that 
his  name  will  be  passed  to  ballot  in  that  grade  if  he  consents.  It  will 
be  seen  that  the  applicant  who  accepts  the  classification  of  the  Board 
is  thus  placed  in  a  somewhat  uncomfortable  position  in  having  applied 
.  for  a  grade  for  which  he  is  not  eligible,  and,  after  having  been  adver- 
tised as  an  applicant  for  that  grade,  appears  on  the  ballot  list  as  a 
candidate  for  a  lower  grade. 

A  member  of  the  Society,  when  an  engineering  friend  states  that  he 
wishes  to  join,  and  asks  for  his  support,  naturally  promises,  without 
making  special  inquiry  as  to  the  grade  for  which  his  friend  intends  to 
apply,  that  he  will  give  it.  When  confronted  with  the  blank  form  of 
endorsement  adopted  by  the  Board  of  Direction,  he  may  find  it  some- 
what difficult  to  answer  the  queries  necessary  to  an  endorsement,  and 
may  possibly  be  placed  in  the  unpleasant  position  of  being  forced  to 
recommend  the  applicant  for  a  lower  grade. 

It  is  well  known  that  generally  every  applicant  desires  the  highest 
grade  for  which  he  thinks  he  is  eligible,  and  that  therefore  many  mem- 
bers scan  the  Ballot  rather  than  the  Blue  List,  and  send  in  negative 
votes  based  on  the  briefed  career  which  is  printed,  instead  of  furnish- 
ing the  Board  with  their  opinion  as  to  his  eligibility. 

Besides  this,  there  have  been  several  exceptions  to  the  general  rule. 
There  have  been  modest  applicants,  whom  the  Board  would  have  been 
glad  to  class  in  a  higher  grade  than  that  for  which  they  applied,  but 
did  not  have  the  power  to  do  so. 

The  relief  for  this  seems  to  be  in  arranging  that  each  candidate, 
instead  of  fixing  his  own  classification,  should  apply  simply  for  admis- 
sion to  the  Society]  that  his  name,  record  and  list  of  references  should 
then  be  published  in  a  Blue  List  similar  to  that  now  used,  and  con- 
taining a  request  that  all  members  of  the  Society  give  the  Board  the 
benefit  of  their  knowledge  of  the  applicant.  After  having  received  the 
necessary  number  of  endorsements,  and  all  information  possible  con- 
cerning each  candidate,  the  Board  should  then  consider  his  application, 
and  determine  the  grade  to  which  he  is  eligible,  and,  after  having  secured 
his  consent,  should  issue  his  name  on  the  ballot  list.  Errors  of  classi- 
fication would  be  much  less  likely  to  occur  under  this  system  than 
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under  that  now  used,  and  the  information  concerning  candidates  as 
well  as  endorsements  would  be  much  more  free,  as  it  would  enable 
each  referee  to  state  his  opinion  as  to  the  proper  classification  of  the 
gentleman  whom  he  is  endorsing,  without  being  forced  to  endorse  or  to 
refuse  to  endorse  for  one  particular  grade. 

The  reading  of  the  clause  of  the  Constitution  has  been  asked  for. 

(The  Secretary  read  Article  3,  Sections  2  and  3  of  the  Constitution.) 

Mr.  Cbowell. — I  should  like  to  ask  the  Secretary  if,  in  his  view,  it 
would  be  possible,  under  the  present  Constitution,  for  the  Board  to 
consider  the  applications  before  they  go  out  on  the  Blue  List,  as  a 
practical  matter,  and  pass  upon  that  question  then? 

The  Secretary.  — It  is  possible  that  that  might  be  done,  but  the 
Board  has  interpreted  the  Constitution  to  mean  that  the  application 
did  not  come  before  it  for  consideration  until  it  has  gone  out  on  the 
Blue  List,  and  there  have  been  some  difficult  cases,  notably  as  be- 
tween the  grades  of  Associate  Member  and  Associate.  There  are  some 
gentlemen  who  are  engaged  in  college  work,  for  instance,  and  there 
has  always  been  a  question  about  their  classification.  Applications 
come  in,  and  the  Secretary  has  again  and  again  taken  them  to  the 
Membership  Committee  of  the  Board  of  Direction,  and  they  have 
refused  to  pass  upon  them,  on  the  ground  that  if  this  were  done  before 
the  application-came  before  the  Board  for  final  adjudication,  the  Board 
would  have  already  committed  itself  to  the  fact  that  the  applicant  was 
eligible  to  a  certain  grade,  before  having  received  the  answers  from 
his  endorsers.  The  Constitution  will  have  to  be  amended  if  such  an 
idea  goes  through,  because  it  states  distinctly  that  applications  must 
be  made  for  Membemor  Associate  Member,  Junior,  and  so  on. 

B.  B.  Green,  M.  Am.  Soc.  C.  E. — On  that  particular  point  it  seems 
to  me  that  the  Board  needs  the  backing  of  an  amendment  to  the  Con- 
stitution. A  candidate's  name  being  sent  out  on  the  Blue  List  for  the 
grade  of  Member,  being  returned  to  the  Board  and  afterward  classi- 
fied for  a  lower  grade,  puts  the  candidate  in  a  somewhat  delicate  posi- 
tion. He  has  already  come  before  the  Society  as  desiring  the  grade 
of  Member.  He  thinks  he  is  qualified  for  that  class,  and  it  is  a  deli- 
cate position  for  him,  to  be,  in  a  way,  turned  down  publicly.  I  think 
that  if  the  Board  had  the  opportunity,  and  was  sustained  by  the  Con- 
stitution, to  first  classify  the  candidate,  with  his  consent,  that  that 
little  difficulty  would  be  overcome.  It  seems  to  me  it  is  rather  an  im- 
portant point. 

Mr.  Cooper. — Mr.  President,  it  seems  to  me  that  this  Society  has 
reached  that  stage  of  prosperity  and  standing  that  we  can  afford  to 
raise  the  bars.  Let  us  make  the  bars  higher  so  that  the  applicant  has 
got  to  jump  a  little  higher  to  get  in.  I  think  the  whole  subject  of 
grading  and  the  requirements  for  membership  in  this  Society  should 
be  revised  and  made  so  that  we  can  elevate  still  higher  the  standing 
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«  *  ,  a  *  V  Svvi^tv  claims  to  hold  and  does  hold.  Personally,  I  think 
t.«.  vwt>  man  that  enters  this  Society  should  enter  it  in  a  grade  below 
.  1 4*  sv|  Moiwber,  and  earn  his  promotion,  and  not  get  it  through  the 
tv^Mt* Nidation  of  his  friends,  but  enter  as  an  Associate  Member  or  a 
Jywumt,  and  earn  his  promotion,  and  come  before  us  again  for  our  bal- 
lot Thin  is  rigid  and  strong,  I  acknowledge,  but  it  tends  to  the  benefit 
v\f  our  Society,  if  we  take  up  that  matter,  and  I  will  move  you,  sir, 
that  a  committee  be  appointed  to  consider  this  subject  and  present 
it  to  the  consideration  of  the  Society  at  its  next  Convention,  or  later. 

The  Pkbsxdent. — Is  that  motion  seconded? 

H.  S.  Haines,  Vice-President,  Am.  Soc.  C.  E.— I  will  second  the 
motion,  sir,  with  a  view  of  requesting  the  gentleman  who  has  just  made 
it  to  present  the  matter  in  his  resolution  a  little  more  clearly.  From 
what  I  have  heard  of  the  discussion  in  the  meeting,  it  seems  to  be  the 
sense  of  the  members  present  that  the  general  idea  that  the  Board 
should  classify  the  applicant  as  to  the  particular  class  of  membership 
to  which  he  should  be  elected  or  for  which  he  is  eligible,  prevails  in 
this  meeting.  I  would  therefore  ask  the  gentleman  if  it  would  not  be 
better,  in  presenting  his  resolution,  that  he  should  say,  that  as  it  is  the 
sense  of  this  meeting  that  it  is  desirable  that  the  Board  should  classify 
applicants  at  the  time  they  make  their  application  for  membership,  that 
the  committee  which  he  proposes  should  be  appointed  should  prepare 
an  amendment  to  the  Constitution  conformable  to  the  views  which 
have  prevailed  in  this  meeting,  and  that  they  should  present  their 
report  at  the  next  Annual  Convention. 

Mr.  Cooper. — I  have  no  objection  to  accepting  that  amendment. 
I  think,  however,  the  vote  of  this  meeting  in  favor  of  the  resolution  is 
the  sense  of  the  meeting,  but  I  have  no  objection,  sir. 

The  President. — The  motion  should  be  presented  in  writing,  so 
that  we  can  understand  it  thoroughly.  IfAthe  gentleman  will  present 
it,  it  will  be  entertained.  The  sense  of  this  meeting  has  not  been 
obtained  on  any  subject. 

Mr.  Cbowkll. — While  the  Secretary  is  writing  it,  I  will  merely  call 
attention  to  the  matter  of  procedure.  It  has  been  suggested  by  the 
gentleman  who  seconded  the  motion  that  the  committee  should  be 
directed  to  report  at  the  Annual  Convention.  That  would  simply 
delay  the  action  of  the  bringing  of  the  amendment  before  this  Society. 
If  the  resolution  were  to  direct  that  the  committee  present  the  amend- 
ment in  the  form  provided  by  the  Constitution  previous  to  the  Con- 
vention, then  it  could  be  considered  by  the  Convention  as  an 
amendment,  the  Constitution  explicitly  providing  for  the  way  in  which 
all  amendments  shall  be  presented. 

J.  A.  Ockerson,  M.  Am.  Soc.  C.  E. — I  don't  know  but  what  this  is 
as  good  a  time  as  any  to  say  that  I  have  been  instructed  by  the  mem 
bers  of  the  Society  in  St.  Louis  to  express  their  disapproval  of  placing 
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the  election  of  members  in  the  hands  of  the  Board  of  Direction ;  and  I 
was  furthermore  instructed  to  say  that  if  the  negative  vote  at  the 
present  time  is  not  sufficiently  large  to  control  the  membership,  that 
it  will  be  desirable  to  have  that  made  on  a  percentage  basis.  I  am  sim- 
ply now  expressing  the  views  of  the  St.  [Louis  members  at  quite  a 
largely  attended  meeting  held  a  short  time  before  I  came  here. 

£.  A.  Bond,  M.  Am.  Soc.  0.  E. — I  am  very  glad  to  hear  the  remarks 
of  the  gentleman  who  has  just  spoken.  I  am  a  Republican.  I  believe 
in  annexation.  I  am  opposed  to  Imperialism.  Hence  I  think  that  the 
election  of  members  of  the  different  grades,  either  Members  or  Asso- 
ciate Members,  as  the  case  may  be,  should  be  by  ballot  of  the  whole 
membership  of  this  Society,  and  not  be  placed  in  the  hands  of  the 
Board  of  Direction.  I  am  content  that  the  Board  of  Direction  should 
decide  the  grades  in  which  particular  members  should  join,  but  I 
think  their  election  should  be  by  a  vote  of  the  members  of  this 
Society. 

Mr.  Green.  — I  rose  a  little  while  ago,  when  the  report  of  the  Com- 
mittee on  the  amendment  had  been  read,  to  give  something  of  my 
reasons  for  declining  to  sign  with  my  colleagues,  and,  from  what  I  have 
heard  on  the  subject,  I  am  rather  more  disposed  to  say  a  word  in  self- 
defence.   The  election  of  members,  as  we  all  must  admit,  is  practically 
in  the  hands  of  the  Board  now,  and  always  h'as  been.     The  Board  has 
classified  members;  it  has  practically  controlled.      The  issue  of  the 
Blue  List  is  to  collect  all  the  information  to  be  had  about  a  candidate. 
It  is  their  business  to  do  so  and  it  is  the  business  of  members  to  inform 
the  Board.     I  did  not  like  the  word  "  disfranchisement  "  used  in  the 
report.    I  do  not  think  it  applies.    The  Board  is  a  representative  Board, 
entirely  representative  of  the  whole  Society.    It  has  been  made  so  with 
the  greatest  care  in  the  recent  amendments  to  the  Constitution,  and 
the  Board,  acting  for  the  Society  in  the  election  of  members,  can  do  it 
just  as  well  as  the  members  can,  and  a  great  deal  better — and  much 
more  economically.     What  is  a  vote  sent  out  by  letter  for?    Simply  to 
find  out  how  many  members  are  going  to  vote  against  the  candidate. 
Those  who  are  going  to  vote  in  favor  do  not  need  to  have  a  ballot  sent 
to  them,  for  the  Board  has  already  canvassed  the  ballot  and  made  up 
its  mind,  from  all  the  information  it  has  been  able  to  gain,  that  the 
candidate  is  eligible  for  election.     The  Board  acts  in  the  capacity  of  a 
Committee  on  Eligibility  and  a  Committee  on  Acceptability,  as  we  have 
in  certain  other  organizations,  in  order  to  determine,  after  getting  to- 
gether all  the  information,  whether  a  candidate  is  suitable  for  member- 
ship or  not.     Why  do  men  vote  against  the  candidate?    Generally,  I 
think,  for  some  personal  reason,  or  they  may  desire  the  opportunity  to 
vote  against  the  candidate  in  order  to  gratify  some  personal  feeling,  or 
at  least  to  have  the  opportunity  of  expressing  their  objection  secretly. 
There  are  sometimes  good  reasons  for  that.    Of  course,  you  can  under- 
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22l£5£St™  8tand  thftt  a  member  may  feel  that  he  must  proceed  secretly  in  his 
gjjjjgtutico  negative  vote  because  it  may  concern  some  candidate  who  is  socially 
or  otherwise  connected  with  the  voter  in  a  delicate  wav,  which  makes 
him  hesitate  to  make  known  to  anybody,  even  to  a  single  individual, 
his  objection  to  the  candidate.  He  has  plenty  of  opportunity.  The 
number  of  cases  mast  be  extremely  rare  where  he  would  not  have  all 
the  necessary  opportunity  to  present  his  objection  to  the  Board,  or  to 
some  member  of  the  Board.  He  can  find  somebody,  certainly,  on  the 
Board  to  whom,  if  he  did  not  wish  to  trust  the  whole  Board,  he  could 
present  his  objections,  and  we  know  that  the  Board  never  sends  out  a 
letter-ballot  if  any  reasonable  objection  at  all  has  come  before  it.  If 
a  candidate  is  rejected  this  year,  he  may  be  elected  the  next.  All  we 
want  to  look  out  for  is  that  the  candidate  is  not  accidentally  or  mis- 
takenly  elected  a  member  of  the  Society,  for  after  he  is  once  in  he 
cannot  be  gotten  rid  of.  I  do  not  think  that  the  Society  would  be  dis- 
franchised. Many  clubs  and  societies  having  a  larger  membership 
than  this  one  put  the  election  of  their  members,  for  economy  and  for 
the  best  of  reasons,  into  the  hands  of  their  Board  of  Management  or 
some  Committee  on  Admissions,  or  something  of  that  kind,  and  avoid 
not  only  the  labor,  but  the  considerable  expense,  as  occurs  particularly 
in  this  Society,  of  the  letter-ballot  system.  If  we  go  to  the  extent  of  a 
pink  ballot,  there  has  to  be  printed  and  sent  out  to  all  members  of  the 
Society,  first,  a  Blue  List;  then  a  printed  vote;  then  a  printed  notice 
of  a  pink  ballot,  and  finally  the  pink  ballot.  I  think  that  the  Secretary 
could  give  figures  as  to  the  expense  of  that  procedure  that  would  seem 
to  make  it  desirable  to  save  the  expense  and  the  time.  The  question 
has  seemed  to  me  an  extremely  simple  one,  as  a  matter  of  economy, 
and  the  sending  out  of  the  ballot  to  members  is  only  for  the  purpose 
of  finding  out  who  there  may  be  in  the  Society  to  vote  against  the 
candidate  after  the  Board  of  Direction,  a  representative  body  of  the 
Society,  has,  in  the  most  painstaking  way,  gone  over  the  whole  subject 
to  determine  the  eligibility  and  desirability  of  the  candidate. 

B.  B.  Stanton,  M.  Am.  Soc.  C.  E. — I  do  not  know  what  there  is 
before  the  house  that  will  allow  what  I  wish  to  say  in  regard  to  this 
matter,  but  from  Mr.  Green's  remark  I  want  to  express  one  thing. 
Undoubtedly,  the  best  interests  of  this  Society,  in  my  opinion,  would 
be  served  by  electing  the  members  by  the  Board  of  Direction,  provided 
there  was  that  one  item  of  publicity  to  their  action,  at  least  to  the 
members  of  the  Board  of  Direction  themselves,  who  were  not  able  to 
be  present  at  the  meeting  at  which  that  action  was  taken. 

I  have  a  personal  feeling  in  that  regard,  from  an  occurrence  that 
happened  when  my  dearest  friend,  who  afterward  became  a  member 
of  this  Society,  was  turned  down  by  the  Board  of  Direction  and  re- 
fused an  opportunity  to  go  to  a  ballot,  simply  upon  the  letters  of  two 
gentlemen  some  3  000  miles  away  from  New  York,  and  only  by  acci- 
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•dent,  I  being  at  that  time  a  member  of  the  Board  of  Direction,  did  I 
know  of  the  action  taken  by  that  Board.  When  I  did  learn  of  it,  I 
requested  from  the  Secretary,  as  I  believed  my  right,  the  information 
as  to  why  this  gentleman  had  been  turned  down.  I  was  then  residing 
in  California,  and  represented  the  Seventh  District  in  the  Board. 
When  I  received  that  information  I  prepared  a  statement  which  I 
presented  to  the  Board  of  Direction,  giving  the  facts  in  the  case,  and 
practically,  I  am  sorry  to  say,  giving  the  lie  to  everything  that  had 
been  stated  in  the  letters  that  had  been  sent  to  the  Board.  In  other 
words,  the  information  sent  was  not  truthful. 

Now,  the  point  is  simply  this;  that  that  information  was  sent, 
just  as  Mr.  Green  says.  Ballots  against  members  are  cast  for  per- 
sonal reasons,  and  I  believe  that  the  Board  of  Direction  is  the  proper 
body  to  elect  a  member,  provided  it  will  give,  especially  to  its  own 
members  and  also  to  those  who  have  proposed  the  new  candidate,  the 
information  on  which  he  is  turned  down.  I  think  it  is  a  very  im- 
portant point  in  regard  to  the  action  of  any  body,  not  in  any  way  im- 
pugning the  motives  of  the  Board  of  Direction  at  that  time,  because 
it  was  pure  ignorance  on  its  part. 

The  gentleman  to  whom  I  refer  was  afterward  passed  to  ballot, 
and  I  suppose  I  haven't  the  right  to  say,  but  he  was  practically  unan- 
imously elected,  and  a  nobler  man  never  existed  on  the  face  of-  the 
earth, — John  Hislop,  who  was  my  first  assistant  for  so  many  years,  and 
who  has  to  his  credit  the  building  of  the  Yukon  Railroad,  and  who 
was  only  recently  killed  in  Chicago. 

Mr.  Green. — My  friend,  Mr.  Stanton,  has  stated  an  argument,  I 
think,  on  my  side.  I  was  a  member  of  the  Board  at  the  same  time,  I 
think,  to  which  he  refers.  I  remember  his  letter,  and  I  remember  the 
•effect  it  had.  He  was  a  distant  member,  unable  to  come  to  the  Board 
meeting.  This  amendment  requires  that  all  members  of  the  Board 
shall  vote  by  letter-ballot  and  shall  be  informed  of  everything  that 
the  Board  knows.  That  is,  the  resident  members  or  the  members 
of  the  Board  who  are  able  to  get  to  the  meetings  know  about  the 
whole  subject,  and,  therefore,  the  distant  member  should  have  as 
much  information  in  the  matter,  before  the  vote  is  cast,  as  the  local 
members  of  the  Board.  Consequently,  there  is  something  in  that. 
The  member  residing  at  a  distance,  away  out  West,  unable  to  get  to 
the  meetings  of  the  Board,  is  the  man  that  the  members  in  his  vicinity 
can  communicate  with  if  they  choose.  He  is  the  representative  of 
that  district  on  the  Board,  and  whether  he  ever  comes  to  a  meeting  or 
not,  he  should  know  as  much  about  what  is  going  on  in  the  Board,  in 
the  matter  of  elections  at  least,  as  the  local  members,  because  the 
amendment  requires  that  the  election  of  members  shall  be  by  letter- 
ballot,  just  as  it  is  now  arranged  for  the  whole  Society. 

Mr.  Stanton. — 1  recognize  Mr.  Green's  explanation,  and  I  would 
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Discussion  on  gay  that  I  am  not  familiar  with  that  amendment  which  has  been  drawn 
to  Constitution  up.  If  that  is  all,  it  does  not  go  far  enough.  I  was  the  one  who 
(continued),  p^po^^  ^fr#  Hislop's  name  for  membership  in  the  Society,  and  if  I 
had  not  been  a  member  of  the  Board  I  would  not  have  gotten  that  in- 
formation. It  seems  to  me  that  there  should  be  such  information 
given  at  least  to  the  five  members  to  whom  he  refers.  If  I  had  not 
been  a  member  of  the  Board  at  that  time  I  would  not  have  known 
anything  about  it,  nor  ever  have  had  an  opportunity  to  have  given  the 
positive  information  I  did  on  which  a  very  honorable  man  was  elected 
to  the  Society. 

Mr.  Greek. — There  is  only  one  other  remark  to  make  on  that,  that 
I  can  think  of,  and  that  is  the  illustration  given  by  Mr.  Stanton  of  the 
capable  member  that  came  into  the  Society  after  once  being  rejected 
by  the  Board.  He  finally  got  into  the  Society,  and  the  Society  was 
very  glad  to  have  him.  It  is  a  safer  mistake  to  make  to  put  off  an 
election  to  membership  a  year  or  so,  than  it  is  to  elect  a  member  who 
would  not  be  a  desirable  member  of  the  Society,  by  mistake,  for, 
once  in  the  Society,  he  stays. 

W.  L.  Saunders,  M.  Am.  Soc.  C.  E. — What  is  the  question  before 
the  house? 

The  President. — A  motion  has  been  offered  which  will  now  be 
read,  and  the  Chair  will  decide  whether  that  motion  is  in  order  or  not. 

The  Secretary  (reading.) — Resolved,  that  the  Report  of  the  Commit- 
tee be  received  and  placed  on  file;  and  be  it 

Resolved,  that  it  is  the  sense  of  this  meeting  that  the  Board  of 
Direction  shall  have  the  power  to  classify  applicants  before  their 
names  appear  on  any  published  list  of  candidates,  aud  further, 

Resolved,  that  a  Committee  be  appointed  to  report  an  amendment 
to  the  Constitution  which  shall  embody  this  idea,  and  report  it  to  the 
next  Annual  Convention  for  consideration,  and  that  said  Committee 
be  also  requested  to  report  upon  raising  the  standard  of  qualifications 
for  the  several  grades  of  membership. 

The  PBEsrDENT. — As  an  expression  of  the  views  of  this  meeting,  I 
think  that  that  resolution  will  be  in  order,  but  it  has  no  effect  what- 
ever on  the  question  which  is  now  before  the  house.  The  question 
is  on  the  amendment  to  the  Constitution  which  was  offered,  and 
which  has  been  before  the  Society.  This  amendment  to  the  Constitu- 
tion may  be  amended  in  any  manner  pertinent  to  the  original  amend- 
ment by  a  majority  vote  of  the  Annual  Meeting,  and,  if  so  amended, 
shall  be  voted  upon  by  letter-ballot  in  the  form  as  amended  by  the 
Annual  Meeting.  If  not  so  amended,  it  shall  be  voted  upon  by  letter- 
ballot  as  submitted.  If  this  meeting  desires  to  formulate  an  amend- 
ment to  this  amendment  to  the  Constitution  which  is  now  before  the 
Society,  and  to  adopt  such  an  amendment,  they  can  do  so,  and  that 
amendment  to  the  Constitution,  as  amended  by  this  meeting,  will  go 
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to  ballot.  If  not  bo  amended,  it  must  go  to  ballot  in  the  form  in  which 
it  was  presented.  An  expression  of  opinion  bj  this  meeting  has  no 
binding  force  on  anybody.  It  is  merely  an  expression  of  opinion,  and 
that  is  all  that  this  resolution  is.  If  the  members  present  desire  to 
•express  their  opinion  as  to  what  the  Constitution  ought  to  be,  they 
can  do  so,  but  if  the  amendment  to  the  Constitution  which  was  offered, 
and  which  is  formally  before  the  Society,  is  amended  by  this  meeting, 
it  must  go  to  ballot.  If  it  is  not  so  amended,  it  must  go  to  ballot.  An 
expression  of  opinion  by  this  meeting  on  the  general  subject  has  no 
force  and  cannot  go  out  officially  except  just  as  an  expression  of 
opinion  of  this  meeting. 

Mr.  Cooper. — I  am  to  blame  for  the  present  situation  of  affairs.  I 
withdraw  that  resolution  temporarily,  and  now  move  that  it  is  the 
sense  of  this  meeting  that  the  amendment  to  the  Constitution  be  not 
recommended,  which  is  the  subject  previously  before  the  meeting, 
and  I  now  move  that  the  amendment  be  not  adopted. 

(The  motion  was  seconded. ) 

Mr.  CBOWELii. — Before  that  motion  is  put  I  would  like  to  call 
attention  to  the  fact  that  the  amendment  has  been  presented,  as  the 
-Chairman  has  stated,  in  the  regular  way,  and  goes  before  the  Society. 
An  expression  of  opinion  as  to  whether  or  not  the  members  should 
vote  for  that  amendment  will  be  taken,  by  the  membership  at  large, 
who  are  not  here,  for  what  it  is  worth.  I  do  not  think,  as  a  matter  of 
policy— and  I  say  this  entirely  apart  from  the  fact  that  I  was  one  of  the 
presenters  of  the  amendment — I  think,  as  a  matter  of  policy,  that  an 
Annual  Meeting  should  not  attempt  to  control  the  decision  of  the 
members,  when  the  Constitution  provides  for  the  decision  being 
rendered  as  the  result  of  the  printed  ballot  which  is  sent  out  to  them. 
An  expression  here  is  not  significant.  It  merely  means  that  the 
majority  of  the  people  present  at  this  time  are  against  the  amendment. 
I  do  not  think,  myself,  that  it  is  worth  while,  in  view  of  the  report 
and  of  the  discussion  which  has  taken  place  since,  to  expect  that  the 
amendment  will  be  adopted  by  the  Society,  but  I  think  the  Society 
should  be  allowed  to  express  its  own  opinion  individually  in  the  letter- 
ballot.  Some  of  the  objections  which  have  been  raised  to  the  amend- 
ment in  the  report  of  the  Committee  seem  to  me  pertinent.  Others  do 
not.  I  do  not  think  the  report  indicates  a  full  consideration  of  the 
objections  to  the  present  method.  Mr.  Green  has  referred  to  some  of 
them;  but,  while  I  do  not  propose  to  criticise  the  report  at  all,  I  do 
hope  that  the  meeting  will  allow  this  amendment  to  proceed  on  its 
way  without  making  an  expression  of  opinion  either  for  or  against  it. 

Samuel  Whinery,  M.  Am.  Soc.  C.  E. — I  would  like  to  know 
whether  the  Chair  decides  as  to  whether  this  amendment  offered  is  or 
is  not  pertinent  to  the  proposed  amendment?  It  seems  to  me  that 
that  is  the  first  thing  to  get  out  of  the  way. 
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SSSSSSSnSu>       The  Pbesident-— Tne  Chair  will  give  an  opinion  on  that  point 
.Constitution    shortly.     Mr.  Bogart  has  the  floor, 

n  n  John  Bogabt,  M.  Am.  Soc.  C.  E. — I  wish  to  ask  for  information  as  to 

one  point.  As  I  understand  the  resolution,  1  am  sure  it  is  exactly  in 
accordance  with  the  Constitution,  that  whether  this  Annual  Meeting- 
takes  action  one  way  or  the  other,  whether  it  amends  this  proposed 
amendment  or  does  not,  the  amendment  must  go  to  ballot  either  in 
its  original  form  or  as  amended  by  this  resolution.  Now,  I  wish  to 
add  one  more  question :  If  this  Annual  Meeting  takes  any  action,  as, 
for  instance,  a  motion  of  disapproval  or  approval  of  this  amendment, 
would  such  an  action  as  that  go  out  upon  the  letter-ballot  with  the 
amendment  to  the  Constitution? 

Mr.  Coopeb. — It  has  been  ruled  heretofore  that  this  was  the  only 
deliberative  body  of  this  Society  that  represents  our  whole  Society. 
Before  this  matter  goes  to  ballot — it  has  been  discussed  here  pro  and 
con,  and  I  think  every  one  of  us  has  previously  made  up  his  mind 
regarding  it — I  think,  therefore,  it  would  be  unjust,  to  our  Society  and 
to  those  members  who  cannot  come  here  to  this  meeting,  to  fail  to 
express  our  approval  or  disapproval.  It  has  been  considered  here, 
and  certainly  it  would  be  cowardice  on  our  part  if  we  failed  to  express 
the  feeling  and  the  conclusion  of  this  body.  I  therefore  call  for  the- 
motion. 

A.  L.  Hyde,  M.  Am.  Soc.  C  £. — It  would  seem  to  me  that  this 
matter  has  been  placed  in  the  hands  of  a  committee  for  considera- 
tion, and,  before  proceeding  with  the  matter,  it  will  be  well  to  do 
something  with  that  report.  I  therefore  move  that  that  report  be  re- 
ceived and  placed  on  file.  That  disposes  of  that.  Then  the  matter 
can  be  called  up  in  order. 

The  Pbesident. — The  report  has  been  received  and  placed  on  file 
in  the  regular  order  of  business,  sir. 

Mr.  Greek. — That  report  is  already  received? 

The  Pbesident, — Yes,  sir;  I  have  just  stated  that  fact.  A  motion 
was  offered  by  Mr.  Cooper  which  he  will  please  either  reduce  to 
writing  or  state  in  words  so  that  the  stenographer  can  take  it 
down. 

Mr.  Cooper. — I  move  that  this  Annual  Meeting  reoommend  the 
amendment,  and  that  the  recommendation  of  the  Committee  be  not 
accepted  by  this  Society. 

The  President. — Is  that  the  recommendation  of  the  Committee,  or 
the  amendment  to  the  amendment  to  the  Constitution? 

Mr.  Cooper. — The  amendment. 

The  President. — Will  you  please  state  it  accurately,  then,  what 
you  do  mean  to  say,  or  put  it  down  in  writing? 

Mr.  Cooper. — Perhaps  I  am  in  error  as  to  what  the  Committee  did 
recommend.    What  I  want  to  do  is  to  keep  the  election  of  the  mem- 


Affairs.]  REPORT  OF  THE  ANNUAL  MEETING.  47 

bers  as  it  now  stands,  in  the  hands  of  the  members  of  the  Society. 
That  is  what  I  want  to  do,  and  that  is  what  I  want  this  meeting  to 
recommend  to  be  done. 

The  President. — Well,  will  yon  state  your  resolution,  then,  sir,  so 
that  the  stenographer  can  take  it  down?  The  resolution  must  be  per- 
tinent to  the  amendment  to  the  Constitution  in  some  way. 

Mr.  Cooper. — Will  you  have  the  amendment  read,  sir? 

The  Secretary. — The  purport  of  it  is  to  put  the  election  of  all  cor- 
porate members  of  the  Society,  as  well  as  others,  in  the  hands  of  the 
Board  of  Direction. 

Mr.  Cooper. — That  is  what  I  understood,  and  I  move  that  that 
recommendation  be  not  accepted — that  this  meeting  recommend  that 
it  be  not  accepted  or  voted  upon. 

Mr.  CBOWELii. — We  have  heard,  some  objections  raised  here  in  re- 
spect to  imperialism.     Why  is  the  letter-ballot  provided 

The  President. — I  beg  your  pardon.  There  is  a  motion  now 
before  the  house.  If  you  will  make  your  remarks  more  germane  to 
that  motion  only 

Mr.  Crowell. — I  am  speaking  to  that  question  only.  Is  it  not  a 
question  of  imperialism  by  this  meeting  to  attempt  to  decide  a  matter 
for  the  Society  at  large?  I  ask  why  do  we  have  the  letter-ballot?  It 
is  simply  to  give  an  opportunity  for  the  absent  member  to  express  his 
wishes.  It  may  be  pertinent  for  this  meeting  to  pass  such  a  resolution 
as  a  parliamentary  proposition,  but  I  think  it  is  impertinent  for  it  to 
do  so  for  the  membership  at  large. 

Mr.  Cooper. — I  move  that  it  is  the  sense  of  this  meeting  that  the 
amendment  proposed  should  not  be  passed. 

The  President. — Is  that  motion  seconded? 

The  motion  being  duly  seconded,  was  put  by  the  Chair  and 
carried. 

The  President. — The  question  now  before  the  house  is:  Shall 
the  amendment  to  the  Constitution  be  amended  before  being  sent 
out  to  ballot?  I  may  state,  with  regard  to  that,  that  the  proceedings 
of  this  meeting  will  be  published  and  sent  to  all  the  members  before 
the  ballot  can  be  issued,  and  that  the  ballot  is  counted  at  the  first  regu- 
lar meeting  in  March.  The  proceedings  of  this  meeting  will  go  out 
to  the  Society  before  that  amendment  is  voted  upon,  but  the  amend- 
ment as  presented  or  as  amended  by  this  meeting  must  be  voted  upon 
on  the  first  Wednesday  in  March.  Are  there  any  amendments  offered 
to  the  amendment  to  the  Constitution  to  be  appended  to  it  or  to  be 
incorporated  in  it,  rather,  and  sent  out  to  ballot?  Are  there  any 
amendments?  Is  there  any  further  discussion  of  the  question?  The 
Chair  not  hearing  that  any  discussion  of  the  question  is  asked  for,  and 
no  amendments  to  the  amendment  to  the  Constitution  having  been 
offered  by  this  meeting,  the  amendment  offered  and  presented  at  the 
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Discussion  on  Convention  will  be  sent  out  to  ballot  in  its  form  as  presented,  to  be 

to  Constitution  voted  upon  on  the  first  Wednesday  in  March, 
(continued).  The  Qext  Qrder  of  bu8ine88__ 

Mr.  Cooper. — I  now  call  up  the  resolution  which  I  withdrew. 

The  Secretary. — (Beading)  Resolved,  that  it  is  the  sense  of  this 
meeting  that  the  Board  of  Direction  shall  have  the  power  to  classify 
applicants  before  their  names  appear  on  any  published  list  of  candi- 
dates; and,  further, 

Resolved,  That  a  Committee  be  appointed  to  report  an  amendment 
to  the  Constitution,  which  shall  embody  this  idea  and  report  it  to  the 
next  Annual  Convention  for  consideration,  and  that  said  Committee  be 
also  requested  to  report  upon  raising  the  standard  of  qualifications  for 
the  several  grades  of  membership. 

C.  G.  Darrach,  M.  Am.  Soc.  C.  E. — I  second  the  resolutions. 

Mr.  Ockerson. — Would  it  not  be  well  to  divide  that  question? 
Some  members  might  wish  to  vote  in  favor  of  all  except  the  last 
clause. 

Mr.  Cooper. — That  is  perfectly  proper.  I  move  that  it  be  divided 
into  two  resolutions. 

The  President. — The  resolution,  with  the  consent  of  the  proposer 
of  the  resolution,  will  be  divided  into  two  resolutions.  The  first 
resolution  is — 

The  Secretary. — (Beading)  Resolved,  that  it  is  the  sense  of  this 
meeting  that  the  Board  of  Direction  shall  have  the  power  to  classify 
applicants  before  their  names  appear  on  any  published  list  of  candi- 
.  dates;  and,  further, 

Resolved,  that  a  Committee  be  appointed  to  report  an  amendment 
to  the  Constitution,  which  shall  embody  this  idea,  and  report  it  at  the 
next  Annual  Convention  for  consideration. 

Mr.  Crowell.  —  I  have  already  raised  the  point  that  if  this  Com- 
mittee reports  to  the  Annual  Convention,  it  does  not  bring  the 
amendment  before  this  Society.  It  may  be  desirable  to  spend 
another  year  on  it,  but  if  this  motion  prevails,  that  Committee  will 
report  at  the  Annual  Convention,  but  the  amendment  cannot  come 
before  the  Society  until  the  next  Annual  Meeting,  a  year  from  now. 
If  that  is  the  object,  why,  well  and  good,  but  otherwise  the  motion 
should  read  instructing  that  Committee  to  present  an  amendment  to 
the  Society  in  season  for  its  consideration  at  the  Annual  Convention. 

Mr.  Cooper. — That  is  not  my  intention,  Mr.  Chairman.  My  inten- 
tion is  to  bring  this  matter  before  the  Convention,  that  represents  our 
Society,  for  discussion.  I  am  not  endeavoring  to  push  anything 
through  this  Society  without  the  fair  consideration  of  the  members, 
and  action  being  taken  after  a  fair  consideration.  The  first  meeting 
that  follows  this,  which  fully  represents  the  whole  Society,  is  the 
Annual  Convention.    It  is  not  a  matter  of  such  hurry  as  to  go  through 
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in  one  year,  or  whether  it  takes  two  years  or  five  years,  but  I  think  it 
is  a  matter  that  the  members  should  take  up  and  consider — whether 
we  are  not  now  in  such  a  state  of  prosperity  and  standing  that  we  can 
afford  to  elevate  the  standard  of  our  membership. 

The  President. — If  there  is  no  objection  to  the  presentation  of 
this  resolution  at  this  time — it  may  be  that  it  will  be  rendered  nuga- 
tory by  the  action  of  the  Society  on  the  first  Wednesday  in  March — 
but  that  has  nothing  to  do  with  it.  The  question  now  is  upon  the 
■adoption  of  this  resolution  offered  by  Mr.  Cooper. 

The  resolution  being  put  to  vote  was  unanimously  carried. 

The  Secretary.  —The  second  part  of  that  motion,  with  the  change 
that  will  be  necessary,  is : 

Resolved,  That  a  Committee  be  appointed  to  report  to  the  next  An- 
nual Convention  upon  raising  the  standard  of  qualifications  for  the 
several  grades  of  membership. 

Mr.  Haines. — I  second  the  motion,  and  if  the  meeting  will  permit 
me  to  occupy  its  time  for  a  moment  or  two,  I  wish  to  say  that  I  hope 
that  this  measure  will  prevail.  Never  mind  whether  it  should  be 
thought  advisable  that  there  should  be  any  change  in  the  standards  of 
qualifications  for  membership  in  this  Society,  but  the  passage  of 
this  resolution  will  give  that  Committee  an  opportunity  to  consider 
this  whole  matter,  and,  as  Mr.  Cooper  very  properly  said,  to  have  it 
brought  up  for  discussion  at  the  next  meeting  at  which  the  member- 
ship is  fully  represented.  I  do  hope,  therefore,  that  whatever  may  be 
your  personal  views,  gentlemen,  as  to  the  advisability  of  making  a, 
change  in  the  qualifications,  that  you  will  sustain  this  resolution  to 
have  this  matter  left  to  the  Committee  to  report  upon  at  the  next 
Convention. 

The  President. — Gentlemen,  it  is  now  five  minutes  to  twelve;  the 
ballot  will  close  at  12.  Any  members  who  have  not  voted  for  officers 
of  the  Society  will  have  an  opportunity  to  do  so  during  the  next  five 
minutes,  and  no  later,  because  the  ballot  will  close  at  12  o'clock. 

The  question  is  now  od  the  adoption  of  Mr.  Cooper's  resolution. 

The  motion  being  put  was  carried. 

The  Secretary. — I  would  like  to  call  attention  to  the  fact  that 
there  is  no  provision  in  either  of  those  resolutions  as  to  how  those 
committees  shall  be  appointed  or  of  how  many  members  they  shall 
consist,  and  I  think  it  will  be  well  for  this  meeting  to  ^x  that. 

The  President. — Will  Mr.  Cooper  make  the  suggestion? 

Mr.  Cooper. — I  think  such  matters  are  usually  done  by  the  Board 
of  Direction,  or  by  the  Chair,  are  they  not? 

The  Secretary.  — The  President  had  better  do  that,  because  the 
Board  does  not  meet  very  often. 

Mr.  Cooper.  —I  would  suggest  that  they  be  appointed  by  the  Chair, 
sir. 
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l'h*  1*hkmdbnt.— And  how  many? 

Mr,  IVkbrbom. — As  far  as  I  am  concerned  I  think  it  would  be  pref- 
w*M<>  to  follow  the  custom  to  appoint  one  from  each  district,  on 
important  matters  of  that  kind. 

The  President. — Will  you  make  a  motion  that  they  be  appointed 
ou*  from  each  of  the  districts,  on  each  of  these  Committees? 

Mr.  Ockerson. — I  will. 

The  motion  was  duly  seconded. 

Mr.  Crowell. — Could  not  both  those  questions  be  referred  to  the 
same  Committee,  under  the  resolutions? 

The  President. — Well,  there  are  two  separate  resolutions  now. 

Mr.  Cooper. — It  is,  of  course,  in  the  power  of  the  Chairman  to 
appoint  the  same  Committee. 

Mr.  Haines. — I  move  that  they  be  referred  to  the  same  Committee. 

The  motion,  being  duly  seconded,  was  put  to  vote  and  carried. 

The  President. — It  is  now  12  o'clock,  and  the  ballot  is  closed. 

The  next  thing  in  order  is  the  report  of  the  Cement  Committee. 

The  Secretary. — I  have  been  requested  to  present  the  following 

report: 

January  15th,  1902. 
Committee     To  the  President  and  Members, 
on  Teste  of  American  Society  op  Civil  Engineers. 

Cement.  Gentlemen:  The  Committee  on  the  Proper  Manipulation  of  Tests, 

of  Cement  desires  to  present  the  following  report: 

By  authority  granted  at  the  last  Annual  Meeting  of  the  Society 
the  membership  of  the  Committee  has  been  increased  to  nine,  by  the 
addition  of  Messrs.  S.  B.  Newberry,  Clifford  Richardson,  Richard  L. 
Humphrey  and  F.  H.  Lewis. 

Three  meetings  of  the  Committee  have  been  held,  at  which  the 
work  has  been  mapped  out,  and  it  is  now  well  under  way. 

The  Committee  has  considered  and  decided  a  number  of  details  in 
connection  with  its  final  report.  Much  time  has  been  devoted  to  a 
consideration  of  the  advisability  of  substituting  a  natural  sand  for 
the  standard  quartz;  and  a  series  of  tests  has  been  undertaken  with  a> 
view  of  determining  the  adaptability  of  the  various  natural  sands  for 
this  purpose.  The  questions :  Accelerated  tests  for  constancy  of  volume,, 
sieves  and  method  of  sieving,  and  normal  consistency,  have  also  been 
fully  discussed. 

At  the  last  meeting  of  the  Committee,  in  Philadelphia,  its  Secre- 
tary was  instructed  to  prepare  a  preliminary  report,  embodying  the 
reports  of  its  members  on  the  special  subjects,  to  serve  as  a  basis  for 
the  preparation  of  its  final  report. 

It  is  the  intention  of  the  Committee  to  present  a  report  at  the  next 
Annual  Meeting  of  the  Society,  though  some  points  must  necessarily 
be  left  open  even  at  that  time. 

The  Committee  was  created  by  the  Society  to  report  on  the  proper 
manipulation  of  tests  of  cement.  This  limitation  of  its  powers  has 
proved  a  serious  handicap.  The  Committee  feels  that  it  should  be 
unrestricted  and  should  have  full  power  to  act  on  all  matters  pertain- 
ing to  its  work.  It  desires  to  report,  in  connection  with  its  recom- 
mendations, the  data  on  which  these  recommendations  were  based. 
This  it  would  be  unable  to  do  under  its  present  powers. 
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The  Committee  would,  therefore,  submit  for  your  consideration 
the  desirability  of  increasing  its  powers,  and  would  recommend  that 
the  title  under  whioh  the  Committee  was  created  be  changed  to  "  The 
Committee  on  Uniform  Tests  of  Cement. " 
For  the  (Jommittee, 

G.  S.  Webster, 

Acting  Chairman. 
Bichabd  L.  Humphrey, 

Secretary. 

F.  W.  Skinner,  M.  Am.  Soc.  C.  £. — I  move  that  the  report  be 
accepted,  and  that  the  recommended  change  of  title  be  also  made. 

The  motion,  being  duly  seconded,  was  put  to  vote  and  carried. 

The  President. — The  next  in  order  is  the  election  of  the  Nominat- 
ing Committee. 

The  Secretary. — Mr.  President,  the  usual  circular  was  mailed  some    Nominating 
time  ago  asking  each  member  of  the  Society  to  indicate  his  choice  of  a 
member  to  represent  his  section  on  the  Nominating  Committee,  and 
the  following  is  the  result: 

District  No.  1. — Total  number  of  votes  received,  60;  distributed  as 
follows : 

John  G.  Van  Horne 9 

George  W.  Tillson 4 

Richard  S.  Buck*  . . ." 3 

Edward  P.  North 3 

H.  W.  Brinckerhoff 2 

George  W.  Catt 2 

Allen  Hazen 2 

George  A.  Just 2 

CHARIiES  MaCDONALD 2 

Charles  H.  Myers 2 

George  S.  Bice 2 

The  following  received  one  vote  each : 

Josiah  A.  Briggs,*  Joseph  Mayer, 

Alfred  P.  Boller,  Henry  P.  Morrison, 

William  Henry  Baldwin,  George  S.  Morison, 

John  C.  Brackenridge,  George  W.  McNulty, 

Albert  Carr,  O.  F.  Nichols, 

Theodore  Cooper,  John  F.  O'Roueke,* 

Howard  J.  Cole,  H.  B.  Seaman,* 

John  Vipond  Davtes,  Ira  A.  Shalbr* 

Joseph  P.  Davis,  J.  Waldo  Smith, 

S.  L.  F.  Deyo,  Edgar  B.  Van  Winkle, 

George  W.  Fuller,  Robert  Van  Buren, 

Philip  W.  Henry,  Charles  Dod  Wabd, 

Rudolph  Hering,  F.  Stuart  Williamson, 

S.  C.  WErsKOPF. 

The  Secretary. — It  has  been  the  custom  to  take  up  these  matters 
by  districts  in  order  to  deal  with  them  as  we  go  through.  There  is  a 
report  for  each  district. 

*  Ineligible. 
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Cormmittee  ^*e  President. — You  have  heard  the  vote  which  has  been  east  for 

(continued),    a  member  of  the  Nominating  Committee  for  the  First  District. 

Mr.  Crowell. — I  move  the  gentleman  named  having  the  highest 

number  of  votes,  John  G.  Van  Home,  be  the  representative  of  the  First 

District. 

The  motion,  being  duly  seconded,  was  put  to  a  vote  and  carried. 

District  No.  2. — Total  number  of  votes  received,  37;  distributed  as 

follows: 

John  P.  Snow 7 

George  A.  Ktmbatj. 7 

F.  P.  Stearns 3 

J.  R.  Worcester 3 

A.  S.  Cheever 2 

E.  P.  Dawley 2 

George  B.  Francis 2 

The  following  received  one  vote  each: 

C.  Frank  Allen,  Richard  A.  Hale, 

H.  Bissekl,  Henry  Manley, 

Joseph  P.  Cotton,  James  W.  Rollins,  Jr. , 

John  W.  Ellis,  J.  Herbert  Shedd, 

John  R.  Freeman,*  George  F.  Swain,* 

Gardner  S.  Williams. 

A  Member.— I  move  that  George  A.  Kimball  be  appointed. 

The  motion,  being  duly  seconded,  was  put  to  vote  and  carried. 

District  No.  3. — Total  number  of  votes  received,  22;  distributed  as 

follows  : 

John  F.  AiiDen. 4 

Elnathan  Sweet 2 

William  A.  Haven 2 

Louis  H.  Knapp 2 

The  following  received  one  vote  each : 

George  B.  Basbett,  P.  Alexander  Peterson, 

Robert  Cartwbight,  Charles  M.  Morse, 

Edward  B.  Guthrie,  John  C.  Quintus, 

Edmund  Hayes,  Thomas  W.  Symons, 

William  T.  Jennings,  Charles  H.  Tutton, 

W.  B.  Landreth,  E.  F.  Van  Hoesen.  * 
Mr.  Ricketts. — I  move  that  Mr.  John  F.  Alden  be  nominated. 

The  motion,  being  duly  seconded,  was  put  to  vote  and  carried. 

District  No.  4. — Total  number  of  votes  received,  62;  distributed  as 

follows: 

Samuel  Tobias  Wagner 15 

James  L.  Lusk 7 

George  S.  Werster 6 

Richard  Khuen,  Jr 4 

George  S.  Davison 3 

Charles  B.  Ball. 2 

H.  M.  Wilson 2 

W.  G.  Wilkins 2 

*  Ineligible. 
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The  following  received  one  vote  each: 

John  A.  Atwood,  William  T.  Manning, 

J.  C.  Bland,  Mansfield  Merriman, 

Charles  Davis,  William  Abthub  Pbatt, 

Arthur  P.  Davis,  S.  M.  Pbevost, 

J.  E.  Greineb,  Thomas  Rodd, 

0.  W.  Haines,  L.  Y.  Sghebmebhobn, 

Lewis  M.  Hauft,  E.  G.  Spilsbuby, 

John  W.  Hill,  Emil  Swensson, 

C.  B.  Hunt,  Edward  B.  Taylor, 

Washington  Jones,  Theodore  Voorhees, 

Paul  L.  Wolfel. 

G.  S.  Webster,  M.  Am.  Soo.  G.  E. — I  move  that  Samuel  Tobias 
Wagner,  having  the  largest  number  of  votes,  be  elected  a  member  from 
that  district. 

The  motion,  being  duly  seconded,  was  put  to  vote  and  carried. 

District  No  5. — Total  number  of  votes  received,  68;  distributed  as 

follows : 

Ambrose  V.  Powell 11 

Clifford  Buxton 4 

Gnward  Bates 4 

Charles  E.  Greene 4 

Augustus  Mordegai 3 

E.  C.  Carter* 2 

C.  W.  Kittredge 2 

Alfred  Noble 2 

H.  E.  Riggs 2 

Job  Tuthtll 2 

Samuel  T.  Wellman 2 

Geobge  Y.  Wisner 2 

The  following  received  one  vote  each : 

George  H.  Benzenberg,*  M.  W.  Kingsley, 

W.  H.  Bixby,  Thomas  H.  Johnson,* 

James  H.  Brace,  G.  A.  Marr, 

Daniel  Bontecou,  Frank  C.  Osborn*, 

L.  F.  G.  Bouscaren,  H.  W.  Parkhurst, 

D.  D.  Carothers,  W.  D.  Pence, 

L.  E.  Cooley,  George  S.  Pierson. 

James  Dun,  Walter  P.  Rice, 

John  T.  Fanning,  James  Ritchie, 

S.  M.  Felton,  William  H.  Searles, 

Edward  Flad,  W.  A.  Thompson, 

Julian  Griggs,  Eben  S.  Wheeler, 

E.  A.  Handy.  L.  L.  Wheeler, 
William  H.  Hughes,  August  Ziesing. 

R.  W.  Hunt,  M.  Am.  Soc.  C.  E. — As  from  the  district,  I  move  that 
Mr.  Ambrose  V.  Powell  be  selected. 

The  motion,  being  duly  seconded,  was  put  to  vote  and  carried. 


• 


Ineligible. 
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n  f .,/.  v„  /»     TVtal  number  of  votes  received,  51;  distributed 

—'"--"                                .^v^  V.  JUWWKW 11 

V     5*     |*l.tf*MM*L 7 

\wx\fc  l*WUULLIAT 5 

*i.  \<*«   MoDoNALD 3 

\,  t«N*  HlDKB 2 

V^mavn  M.  Scott. 2 

i«u    \^'  ^*u\£  rweived  one  vote  each: 

)  VMW   W  ALLEN,  J.  L.  LUDLOW, 

si    It  Atkinson,  Louis  R.  McLain, 

\Y.  M.  Black,  F.  A.  Molitob, 

Wiwmam  W.  Cabson,  R.  Montpobt, 

K.  J.  Chibas,  Henry  B.  Richardson, 

Charles  I.  Churchill,  Miller  A.  Smith, 

William  P.  Craightll,  B.  F.  Thomas, 

Bknjamin  L.  Crosby,  A.  J.  Tullock, 

Okoroe  G.  Earle,  J.  A.  L.  Waddell, 

J.  F.  Hinckley,  R.  L.  Van  Sant, 

Any  Member, 

(\  H,  Htkwart,  Assoc.  M.  Am.  Soc.  C.  £. — I  move  that  Mr.  James  M. 
J\\Um*ou  l>e  elected  as  the  member. 

The  motion,  being  duly  seconded,  was  put  to  vote  and  carried. 

IHntrict  No.  7. — Total  number  of  votes  received,  25;  distributed  as 
follows: 

W.  W.  Follett 2 

0.  D.  Marx 2 

A.  Riffle 2 

The  following  received  one  vote  each: 

A.  L.  Adams,  John  D.  Isaacs, 

Eugene  Carroll,  Lorenzo  M.  Johnson, 

E.  B.  Cushino,  Lewis  Kingman, 

0.  E.  L.  B.  Davis,  W.  H.  Leffingwell, 

W.  A.  Drake,  Fbanklin  Riffle, 

James  L.  Frazier,*  Andrew  Rosewateb, 

C.  E.  Gbunsky.  D.  W.  Ross, 

J.  Hebron,  James  D.  Schuyler, 

J.  M.  Howe,  E.  Stengeb, 

E.  T.  Weight. 

Mr.  Crowell. — I  move  that  Mr.  William  W.  Follett  be  appointed. 
The  motion  being  duly  seconded  was  put  to  vote  and  carried. 
The  Secretary. — The  Secretary  has  received  the  following  cable- 
gram: 

"  Buenos  Aybes,  January  14th,  1902. 
^from*"1     "  Charles  Warben  Hunt, 
S.  L.  Oorthell.  "  220  West  57th  Street,  New  York  City. 

"  My  kindest  regards  and  best  wishes  to  all  my  friends  for  a 
pleasant  re-union. 


"  E.  L.  Cortheli 


* 


Ineligible. 
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The  President. — There  is  no  action  to  be  taken  on  that;  the  best 
'wishes  are  reciprocated,  undoubtedly. 

The  Seoeetaby. — I  have  to  report  the  following  action  by  the  Board 
of  Direction. 

In  accordance  with  the  rules  adopted  for  the  purpose,  the  Board  of      Award  of 
Direction  has  made  the  following  awards  of  prizes  for  the  year  ending        Priws. 
with  the  month  of  July,  1901. 

The  Thomas  Fitch  Rowland  Prize  to  Paper  No.  881,  entitled  "The 
Ninety-sixth  Street  Power  Station  of  the  Metropolitan  Street  Railway 
Company,  of  New  York  City,"  by  L.  G.  Montony,  Assoc.  M.  Am.  Soc. 
C.E. 

The  Collingwood  Prize  for  Juniors  to  Paper  No.  883,  entitled  "A 
Proposed  Method  for  the  Preservation  of  Timber,"  by  F.  A.  Eummer, 
Jun.  Am.  Soc.  G.  £. 

The  Board  has  further  decided  that  no  award  of  the  Norman  Medal 
be  made  for  the  year  ending  with  the  month  of  July,  1901. 

* 

As  that  is  merely  a  report,  no  action  is  necessary. 

I  also  have  to  report  that  the  ballot  on  the  appointment  of  the  Ballot  on  Com- 
Special  Committee  on  Rail  Sections  resulted  as  follows:  ^Secttonsf*11 

Total  ballots  received 1  098 

Without  signature 14 

Not  entitled  to  vote 10 

Otherwise  defective ,     18 

—  42 

Total  votes  counted 1  056 

Voted  yes 1  014 

"     No .      42 

1056 


Inasmuch  as  the  Corporate  Membership  on  January  7th,  1902,  was 
2 122,  the  vote  complies  with  the  Constitutional  provision,  and  the 
Committee  will  be  appointed  by  the  Board. 

The  following  letter  has  been  received  from  John  F.  Wallace,  Past- 
President  of  the  Society : 

Chicago,  January  10th,  1902. 
Mb.  Chables  Wabben  Hunt, 

Secfy. ,  American  Society  of  Civil  Engineers, 

220  West  Fifty-seventh  Street,  New  York. 
My  Deab  Sib,— I  understand  the  House  bill  for  the  construction  of 
the  Nicaragua  Canal  practically  provides  that  this  work  shall  be  car- 
ried on  under  the  supervision   of  the  Secretary  of  War.      This,  of 
course,  means  under  the  direction  of  the  Army  Engineers. 

It  would  seem  that  the  large  body  of  civil  engineers  in  the  United 
States  should  have  proper  representation  on  the  staff  selected  to  de- 
sign and  construct  what  will  probably  prove  to  be  the  most  important 
engineering  project  of  the  20th  century. 


Employment 

of  Engineers 

on  Isthmian 

Canal. 
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Employment         It  would  seem  proper  that  the  American  Society  of  Civil  Engineers 
on  isSmian    snoulcl  take  some  action  at  its  Annual  Meeting  to  see  that  this  impor- 

Canai        tant  matter  receives  careful  and  proper  consideration, 
(continued).  First,  as  to  the  wisdom  of  action  in  this  direction;  second,  as  to  the 

method  to  be  used  to  secure  the  results. 

Personally,  I  am  in  favor  of  action  by  the  Society  at  its  coming- 
Annual  Meeting.  Such  action,  it  seems  to  me,  should  consist  in  the 
presentation  of  a  formal  resolution  or  memorial  to  both  Houses  of 
Congress.  Whatever  action  is  taken,  if  any,  should  be  at  the  Annual 
Meeting. 

If  I  am  unable  to  attend  the  Annual  Meeting  personally,  you  are 
at  liberty  to  present  this  letter  to  the  Society. 

Very  truly  yours, 

John  F.  Wai*lace. 

The  President. — It  is  proposed  by  Mr.  Wallace  that  this  meeting 
should  formulate  an  expression  of  opinion  to  be  directed  to  Con- 
gress. 

James  Owen,  M.  Am.  Soc.  C.  E. — I  move  that  it  be  referred  to  the 
Board  of  Direction,  with  power. 

Mr.  Crowell. — I  second  the  motion. 

The  President. — It  is  moved  and  seconded  that  the  plan  of  presen- 
tation to  Congress  of  a  memorial  be  referred  to  the  Board  of  Direction, 
with  power. 

Mr.  Haines. — Will  you  pardon  me  if  I  say  a  few  words  on  this 
subject.  Of  course,  I  am  not  personally  interested  in  this  work,  but 
it  does  seem  to  me  that  if  this  Society  has  ever  had  a  subject  before  it 
in  which  the  professional  interests  of  its  members  were  more  deeply 
involved,  it  has  not  been  in  the  number  of  years  that  I  have  been  a 
member,  and  I  do  hope  that  those  who  are  more  directly  interested  in 
it  than  I  am  will  not  permit  this  matter  to  go  off  in  this  perfunctory 
wav. 

I  quite  agree  with  every  word  that  our  Past-President  has  said, 
that  there  should  be  some  effort  made  to  have  the  profession  of  civil 
engineering  properly  represented  in  the  construction  of  this  great  en- 
gineering work,  and  I  do  not  see  how  the  body  of  civil  engineers  as  a 
whole  can  more  thoroughly  have  its  influence  felt  in  the  deliberations 
on  this  matter  in  Congress  than  through  this,  the  properly  constituted 
organ,  for  them  to  give  expression  to  their  opinions  and  their  wishes; 
and  I  do  hope  that  it  will  be  brought  up  in  such  a  way  that  if  it  is 
determined  that  it  shall  be  presented  to  Congress  that  it  shall  be 
done  officially,  and  that  the  Board,  if  it  is  left  to  them,  should  have 
power  to  act  and  power  to  pay  for  the  expenses  of  a  committee  to 
present  this  thing  properly  before  Congress.  I  know  from  past  ex- 
perience in  other  matters  that  it  is  much  more  efficient  to  have  a  com- 
mittee personally  present  than  to  undertake  to  impress  your  views 
upon  the  minds  of  members  of  Congress  through  a  printed  memorial. 

The  President. — The  question  is  referred  by  this  resolution  to  the 
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Board  of  Direction,  and  the  Vice-President  will  have  an  opportunity 
to  express  his  views  there. 

Mr.  Haines. — Pardon  me;  I  am  not  speaking  as  an  official;  I  am 
speaking  as  a  member  of  the  great  profession  of  civil  engineers,  not 
personally  interested  in  this  matter  at  all;  but  this,  as  I  understand  it, 
goes  to  the  Board  without  any  expression  of  opinion  on  the  part  of 
this  meeting. 

The  Pbesidbnt. — Do  yon  wish  an  opinion  expressed? 

Mr.  Haines. — It  is  for  the  gentlemen  who  are  more  interested  in 
the  matter  than  I  am  to  determine  that. 

The  Pbesidbnt. — If  it  is  the  desire  that  this  meeting  should 
express  an  opinion,  it  is  very  easily  done  ;  it  can  be  done  in  two 
minutes. 

Mr.  Crowell. — For  the  purpose  of  bringing  it  before  the  meeting, 
I  move  that  the  Board  of  Direction — I  would  add  to  this  motion—  a 
motion  was  made  to  refer  to  the  Board  of  Direction  and  we  are  talking 
to  that. 

The  President. — Let  that  pass;  then  you  can  if  you  wish  say  that 
it  is  the  wish  or  the  opinion  of  this  meeting. 

Mr.  Cbowell. — Very  well. 

The  President.— The  motion  is  on  the  reference  to  the  Board  of 
Direction. 

The  motion,  being  duly  seconded,  was  put  to  vote  and  carried. 

Mr.  Crowell. — I  move  you,  sir,  that  it  is  the  sense  of  this  meeting 
that  it  is  desirable  in  the  interest  of  the  Society  that  the  Board  of 
Direction  should  memorialize  Congress  and  send  a  committee  to 
Congress  to  present  the  reasons  why  this  Society  and  the  member- 
ship it  represents  should  be  considered  in  the  bill  for  the  prosecu- 
tion of  any  public  work  of  the  character  of  the  proposed  Isthmian 
Canal. 

The  President. — The  chair  thinks  that  that  is  an  expression  of 
instructions  to  the  Board  of  Direction  on  a  matter  that  has  been 
referred  to  it,  and  is  not  in  order.  The  only  motion  that  can  be 
made  is  the  expression* of  an  opinion  by  this  meeting  as  to  the  de- 
sirability of  the  profession  of  civil  engineering  being  represented  in 
the  management  of  the  work  in  question.  I  think  that  it  is  not 
exactly  courteous  or  proper  for  the  Society  at  this  meeting  to  instruct 
the  Board  of  Direction  as  to  matters  that  have  been  referred  to  it  for 
consideration  and  action,  and  I  cannot  entertain  that  motion;  but  if 
it  is  a  motion  of  an  expression  of  opinion  of  this  meeting,  I  will  be 
glad  to  entertain  it. 

Mr.  CROWELii. — The  object  of  making  the  suggestion  was  merely  to 
indicate  what,  in  the  sense  of  this  meeting,  was  the  shape  that  the 
action  of  the  Board  should  take. 
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of^flgn1*11*        The  President. — The  sense  of  this  meeting  on  the  general  subject? 
on  Isthmian         Mr.  CroweijIj. — I  think  if  that  motion  is  read  it  will  be  fonnd  not 
(continued),    to  contain  any  offensive  assumption,  and  as  the  meeting  has  been  con- 
sidered as  the  proper  exponent  of  the  views  of  the  Society  to  control 
the  individual  action  of  its  members,  I  do  not  see  why  we  should  not 
express  our  wishes  to  the  Board. 

E.  P.  Nobth,  M.  Am.  Soc.  C.  £. — With  a  great  deal  of  respect  for 
you,  personally,  and  for  your  office,  Mr.  President,  I  wish  to^take  ex- 
ception, directly,  to  your  assertion  that  this  meeting  cannot  instruct 
the  Board  of  Direction. 

The  President. — I  made  no  such  ruling,  sir. 

Mr.  North. — I  understood  you  to  say  so. 

The  President. — I  said  it  was  discourteous  to  the  Board  of  Direc- 
tion. 

Mr.  Cbowell. — I  understood  the  Chairman  to  say  that  he  would 
not  entertain  the  motion.  I  think  the  wording  will  show  that  there  is 
no  discourtesv. 

The  President. — A  motion  of  instruction  to  the  Board  of  Direction 
as  to  how  they  are  to  act  on  a  matter  which  is  referred  to  them  for 
consideration  and  action,  I  do  not  think  is  courteous  or  proper,  and  I 
rule  that  I  will  not  receive  such  a  motion  or  entertain  it 

Mr.  Obowell. — I  should  like  to  have  the  resolution  read. 

Mr.  Nobth.  — I  may  be  under  a  misapprehension,  but  I  understood 
the  motion  to  refer  it  to  the  Board  of  Direction  was  put  through  with- 
out any  amendment  to  it.  It  was  then,  it  seems  to  me,  open  to 
amendment.  Now,  I  think  that  if  it  is  not  courteous  to  instruct  the 
Board  of  Direction,  we  had  better  take  that  first  motion  back  and  re- 
consider it  and  embody  in  that  the  opinion  of  this  meeting,  which  I 
think  is  always  superior  to  the  Board  of  Direction,  creating  the  Board 
of  Direction,  as  it  does. 

(The  stenographer  read  the  resolution.) 

Mr.  CBOWEiiL.  — I  do  not  see  how  any  expression  of  discourtesy  is 
involved  in  that  wording,  and,  if  the  Chair  adheres  to  the  opinion  ex- 
pressed, I  appeal  from  the  decision  of  the  Chair. 

The  President. — The  motion  as  read  is  different  from  what  I  under- 
stood it  to  be.  The  motion  is  that  it  is  the  opinion  of  this  meeting 
that  the  Board  of  Direction  ought  to  memorialize  Congress. 

Mr.  Ockebson. — I  desire  to  endorse  fully  the  statement  made  by 
Mr.  Wallace,  and  also  the  statements  made  bv  Mr.  Haines. 

If  the  civil  engineers  do  not  look  out  for  their  own  interests  no 
one  else  will,  and  it  seems  to  me  that  it  is  very  important  that  they 
should  be  represented  on  any  commission  that  is  organized  for  the 
construction  of  an  Isthmian  Canal,  and  I  am  in  favor  of  taking  such 
action  as  may  be  necessary  to  call  the  attention  of  Congress  to  this 
phase  of  the  matter. 
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The  President. — I  think  that  the  matter  can  be  simplified  by  omit- 
ting the  Board  of  Direction  from  this  resolution  that  has  been  offered, 
and  make  it  simply  an  expression  of  opinion  by  the  meeting,  and  I 
will  be  very  glad  if  Mr.  Crowell  will  withdraw  the  Board  of  Direction 
from  his  resolution. 

Mr.  Cbowell. — I  am  not  prepared  to  do  that.  I  think  the  Board 
of  Direction  is  the  body  to  look  after  this  matter  and  see  to  its  being 
carried  out.     I  call  for  a  vote  on  my  motion. 

Mr.  Green. — May  I  suggest  an  amendment  to  this  resolution  by 
the  omission  of  the  words  which  make  it  general  as  to  all  great  public 
works,  and  confine  it  to  the  Isthmian  Canal  for  the  present?  It  will 
be  difficult  to  draw  the  line  between  small  works  and  great  works,  and 
might  embarrass  the  thing  before  Congress. 

Mr.  CroweijL. — I  accept  that.  Cross  out  "any  public  works,"  and 
just  make  it  refer  explicitly  to  the  Isthmian  Canal. 

M.  K  Sherrerd,  M.  Am.  Soc.  C.  E.  —Can  we,  in  any  bill  before 
Congress,  mention  the  name  of  the  Society?  This  would  seem  to 
indicate  that  we  proposed  to  mention  the  name.  I  understand  the 
motion  intended  that  the  Board  of  Direction  should  ask  Congress  to 
include,  in  any  proposed  bill,  this  Society — the  membership  of  this 
Society. 

Mr.  Whtnery. — This  motion  is  one  which,  if  adopted,  would  mark  a 
distinct  departure  from  the  long-established  policy  of  the  American 
Society  of  Civil  Engineers.  When  it  comes  to  the  merits  of  the  question 
as  to  whether  the  American  Society  of  Civil  Engineers  and  its  members 
should  be  represented  in  the  management  of  this,  or  any  other  great 
public  work,  no  member  of  this  Society  shall  go  further  than  I  in 
asserting  that  right,  and  that  it  is  with  entire  propriety  that  the  Amer- 
ican Society  of  Civil  Engineers  and  its  members  should  be  fully 
represented  in  every  work  of  this  kind,  but,  gentlemen,  this  involves 
more  than  that.  It  involves  a  step  in  a  different  direction  from  what 
the  Society  has  ever  taken  heretofore.  We  have,  up  to  this  time, 
excluded  from  the  policy  of  this  Society  everything  savoring  of  com- 
mercialism, of  business,  and  I  do  not  think  that  such  a  measure 
should  be  taken  now  without  very  careful  consideration.  I  do  not 
believe  that,  on  mature  consideration,  we  would  care  to  have  the  Society 
pose  before  Congress,  or  before  the  world,  as  seeking  or  demanding 
positions  for  its  members,  because,  in  the  end,  that  is  what  it  amounts 
to. 

It  is  not  this  question  directly  that  is  before  the  Society,  as 
I  understand  it,  now.  It  is  this  broad  general  principle,  shall  this 
Society  become  an  employment  agency  for  the  benefit  of  its  members? 
I  do  not  think  the  Society  can  afford  to  take  such  a  position.  I  think 
we  should,  individually,  make  every  proper  effort  to  have  this  Society 
represented  in  all  the  great  public  works  of  the  country,  and  par- 
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ticularly  in  this  one,  but,  personally,  I  am  bound  to  oppose  any 
official  action  in  that  direction  by  the  Society  as  a  body.     (Applause.) 

H.  G.  Pbout,  M.  Am.  Soc.  C.  £. — I  had  intended  to  say  what  Mr. 
Whinery  has  said  so  much  better  than  I  could  possibly  say  it.  I 
thoroughly  agree  with  the  position  that  Mr.  Whinery  has  taken.  If 
we  should  send  a  committee  to  Congress  it  would  be  misunderstood. 
We  could  send  that  committee  there  with  a  full  sense  of  the  dignity  of 
our  position,  the  position  of  this  Society,  and  the  position  of  this  pro- 
fession, and  Congress  would  not  receive  it  in  any  such  sense  at  all. 
They  would  receive  that  committee  just  as  they  receive  everybody 
else  who  goes  down  to  Washington  asking  for  something.  1  think  it 
would  be  most  undignified  and  most  unfortunate  for  this  Society  to 
send  a  committee  to  Congress  to  interfere  in  this  matter  at  all. 

As  the  thing  stands,  it  is  this  way:  The  Hepburn  Bill,  the  House 
Bill,  puts  the  matter  in  the  hands  of  the  Secretary  of  War;  the  Mor- 
gan Bill,  the  Senate  Bill,  provides  for  a  commission.  I  do  not  re- 
member whether  the  Secretary  of  War  is  included  in  that  commission 
ex  officio  or  not,  but  I  think  not.  It  provides  for  the  appointment  of 
a  commission  which  would  be  an  experienced  commission  and  which 
would  make  the  conduct  of  this  enterprise  very  largely  a  civil  matter. 
I  should  say  that  the  chances  are  that  neither  one  of  these  bills  will 
ever  become  a  law.  As  it  stands  now,  there  is  a  most  excellent  chance 
that  the  Hepburn  Bill  will  be  very  considerably  modified,  and  the 
probability  is  that  arrangements  will  be  made  so  that  the  outcome 
will  be  such  that  this  matter  will  be  put  in  the  hands  of  a  civil  com- 
mission; but,  however  that  may  be,  that  has  nothing  to  do  with  the 
principle  Mr.  Whinery  has  so  excellently  expressed,  and  in  which  I 
so  thoroughly  agree.  Therefore,  I  shall  vote  against  this  resolu- 
tion. 

Mr.  Ockerson. — I  wish  to  express  my  position  in  that  matter.  I 
agree  pretty  largely  with  what  these  gentlemen  have  said.  The  posi- 
tion I  wish  to  take  is  this:  I  do  not  think  the  civil  engineer  should  be 
excluded  by  law  from  any  field  of  engineering.  That  is  as  far  as  I  care 
to  go.  I  do  not  care  to  advocate  the  employment  of  the  members  of 
this  Society,  but,  for  the  great  body  of  civil  engineers,  I  do  not  want 
to  see  laws  framed  that  will  exclude  them  from  any  field  of  work. 

Mr.  Cbowell. — As  the  author  of  the  motion  I  wish  to  say  that 
neither  my  friend,  Mr.  Whinery,  nor  my  friend,  Col.  Prout,  can  go  a 
step  beyond  me  in  the  conservative  desire  to  keep  this  Society  from 
taking  such  a  position  before  the  world — before  the  population  of 
our  country.  But  I  think  this  a  different  question  altogether.  It  is 
true  that  in  the  past  this  Society  has  abstained  from  any  attempt  to 
push  itself  forward  in  the  sordid  way  of  getting  employment  for  its 
members,  but  this  is  the  first  occasion  when  this  country  has  under- 
taken to  do  work  outside  of  the  country,  of  this  nature.     It  seems  to 
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me  eminently  proper  and  advisable  that  at  this  juncture  every  effort 
should  be  made  to  have  Congress  and  the  people  recognize  the  very 
principle  which  Mr.  Whinery  and  Col.  Prout  have  enunciated.  It 
seems  to  me  that  to  have  a  committee  properly  appointed,  which 
could  go  down  there  and  confer  with  the  committee  in  charge  of  a  bill, 
and  represent  to  them  the  reasons  why  civil  engineers  should  be 
considered,  is  not  commercialism.  I  think  it  is  a  duty  to  our  fellow 
countrymen  that  the  country  should  have  the  advantage  of  having  the 
participation  of  civil  engineers.  I  think  that  while  Mr.  Whinery  and 
Col.  Prout  have  expressed  themselves  conservatively,  they  are  yet 
taking  a  narrow  stand  on  this  question,  and  I  hope  the  motion  will 
prevail.  It  is  not  for  a  committee  to  go  down  advocating  the  employ- 
ment of  any  individual  or  any  number  of  individuals  from  the  Society; 
they  may  not  even  require  or  request  that  a  bill  should  call  for  such 
employment,  but  certainly  the  Society  and  what  it  represents  should 
be  represented  in  the  conduct  of  work  of  that  character.  I  hope  the 
motion  will  prevail.  . 

L.  L.  Tribus,  M.  Am.  Soc.  C.  E. — I  look  upon  the  thing  in  some- 
what the  same  way  that  two  or  three  of  the  previous  speakers  have. 
If  the  members  of  the  engineering  profession  of  this  country  have  not 
impressed  upon  the  citizens  of  this  country  the  need  of  their  services 
in  such  matters  as  this,  we  do  not  deserve  recognition,  and  I  believe 
that  Congress,  if  they  pass  such  bills,  appointing  a  commission,  if  the 
services  of  civil  engineers  are  needed  they  will  undoubtedly  be  called 
for.  I  think  it  would  be  very  undignified  for  us  to  go  and  attempt 
to  get  this  work.     That  is  precisely  what  it  means. 

The  President. — A  number  of  military  engineers,  who  are  also 
members  of  this  Society  are  present;  we  might  hear  from  them. 

Mr.  Shebrerd. — When  I  spoke  before  on  this  subject,  I  did  not 
make  myself  very  clear.  What  I  think  would  cover  the  point  would 
be  to  substitute  in  this  resolution  for  the  words  "this  Society,"  the 
words  "civil  engineering  profession."  I  do  not  think  we  want  to  take 
the  position  of  relegating  all  the  honors  of  the  profession  to  ourselves, 
but  the  action  coming  from  the  American  Society  will  reflect  on  the 
Society  and  will  show  that  this  Society  stands  up  for  the  profession 
and  wants  to  look  out  for  the  honors.     That  is  the  point. 

Mr.  CroweijL. — I  am  perfectly  willing  to  accept  that  change, 
substituting  the  name  of  the  civil  engineering  profession  in  the  place 
of  the  name  of  this  Society;  that  is  in  accordance  with  the  spirit  of  the 
resolution. 

Mr.  Green. — If  the  seconder  of  my  proposed  amendment  will 
permit,  I  should  like  to  include  this  proposed  amendment  and  couple 
with  it  one  to  change  the  language  so  as  to  read  as  follows: 

"  It  is  the  sense  of  this  meeting  that  it  is  desirable  in  the  interests 
of  the  Society  that  the  Board  of  Direction  should  memorialize  Congress 
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«  vvuumtte*  to  Congress  to  present  the  reasons  why  the  civil 
pivJtatftion  at  large  should  be  considered  in  the  Bill  for 
Nvivs  utKvu  of  work  on  the  proposed  Isthmian  Canal." 

Vv  \\*>**uu — It  has  been  suggested  to  me  that  a  further  amend- 
*u\»t  v4  I  he  language  would  be  desirable,  and,  as  I  am  very  desirous 
vvt  tiU**xiug  everybody,  I  will  state  what  the  suggestion  is:  That 
\u»t**d  of  expressing  that  as  the  sense  of  this  meeting,  to  say  that  it 
i«  to  llu>  interests  of  the  Society — while  that  is  only  an  instruction  to 
the  Board  of  Direction,  the  suggestion  that  it  should  be  the  interests 
of  this  country,  which  is  the  more  dignified  plane  to  stand  upon,  and 
mo,  in  my  capacity  of  general  agreer,  I  will  accept  that  amendment — 
anything  to  get  this  matter  before  the  Board. 

J.  F.  O'Roubke,  M.  Am.  Soc.  G.  E. — There  seems  to  be  a  tendency  to 
ignore  the  fact  that  all  the  work  that  has  been  done  heretofore  on  this 
Isthmian  Canal  and  on  the  canal  question  generally  has  been  put  in  the 
hands  of  civil  engineers,  and  it  is  to  their  great  credit,  I  think,  that 
nearly  all  of  them  are  members  of  this  Society.  I  think  when  yon 
are  trying  to  generalize  at  all,  in  order  to  generalize  best  you  had 
better  put  the  Society  in,  because  there  is  hardly  a  man  in  the  country 
who  is  recognized  in  the  profession  who  is  not  a  member  of  the 
Society,  or  would  be  if  there  were  not  a  few  of  his  friends  who 
objected  to  it.  I  think,  therefore,  that  all  this  question  of  looking  for 
recognition  and  demanding  that  we  have  our  rights,  and  not  only  that, 
bat  that  we  shall  instruct  the  American  people  as  to  our  great  merits, 
and  how  foolish  they  would  be  if  they  did  not  call  us  in  at  good 
salaries,  had  better  be  dropped.  As  a  matter  of  fact,  we  are  always 
recognized,  and  any  recognition  that  we  get  that  is  sought  is  not 
nearly  as  creditable  to  us  as  the  recognition  we  have  so  far  had  un- 
sought. I  think  the  simplest  way  to  get  rid  of  the  whole  matter 
would  be  to  have  a  vote  on  the  broad  question,  or  else  lay  it  on  the 
table. 

Mr.  Green. — Mr.  O'Rourke  is  quite  right,  but  if  the  Society  is 
named  in  any  resolution  which  is  to  be  brought  before  Congress,  Con- 
gress would  be  suspicious  at  once,  and  we  had  better  say  the  civil 
engineering  profession  at  large,  which  we  know  includes  this  Society 
and  nobody  else  practically.  It  sounds  better  and  would  be  more 
effective.     I  live  in  Washington. 

Mr.  Coopeb. — Isn't  it  a  little  late  in  the  day  for  members,  going 
through  the  mathematical  problems  that  we  have,  to  try  to  establish 
an  axiom?  That  is  what  I  understand  we  are  trying  to  do  We  are 
trying  to  vote  that  we  are  an  important  body  of  men  in  this  country, 
and  that  we  are  useful  to  our  people.  It  seems  to  me  that  is  an  axiom, 
and  self-evident.  I  would,  therefore,  move  that  this  whole  matter  be 
laid  upon  the  table. 
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A  Mbhbbb. — I  second  the  motion.  Convention 

The  Pbbstdent. — A  motion  to  lay  on  the  table  is  always  in  order. 
The  motion,  being  put  to  a  vote,  was  carried. 
The  Sbobetaby. — The  next  business  before  the  Sooiety  is  a  letter 
which  the  Secretary  received  from  Roberto  Gayol,  M.  Am.  Soo.  0.  E. 

Mexico,  December  27th,  1901. 
Ohakles  Wabben  Hunt,  Esq., 

New  York,  N.  Y. 
My  Dbab  Sib,— I  should  be  greatly  obliged  to  yon,  if,  at  the  next 
Annual  Meeting  of  the  Society,  which  will  be  held  this  year  in  New 
York,  yon  wonld  kindly  propose  that  the  next  meeting,  to  be  held  in  1908, 
should  be  held  in  the  City  of  Mexico,  as  the  Mexican  engineers  would 
feel  highly  honoured  in  receiving  a  visit  from  the  distinguished  mem- 
bers of  the  American  Society  of  Civil  Engineers,  and  I  feel  no  doubt 
that  if  this  proposal  is  accepted,  we  will  be  able  to  make  the  visit 

Eleasant  to  those  gentlemen,  and  arrange  some  excursion,  so  as  to  ena- 
le  them  to  see  some  of  the  principal  points  in  the  country. 
Hoping  my  proposition  will  be  accepted,  I  remain, 

Yours  very  sincerely, 

Robkbto  Gayol. 


The  decision  as  to  where  the  Convention  of  1903  will  be  held  will 
probably  be  placed  in  the  hands  of  the  Board  of  Direction;  that  is  the 
way  it  has  always  been  done  before.  I  merely  read  this  letter  to  the 
meeting  as  the  gentleman  requests. 

The  President. — The  matter  will  take  the  usual  course  of  corre- 
spondence. 

Mr.  Owen. — Would  it  be  out  of  order  to  offer  a  motion  expressing 
the  opinion  of  this  meeting  to  the  Board  of  Direction? 

The  President. — The  meeting  may  express  any  opinion  which  is 
not  in  the  nature  of  an  instruction. 

Mr.  Owen. — If  it  is  in  order,  I  would  made  a  motion  that  it  is  the 
sense  of  this  meeting  that  the  most  desirable  place  for  the  Annual 
Convention  of  1903  would  be  in  the  City  of  Mexico. 

The  motion  was  seconded. 

Mr.  Ockebson. — Is  that  motion  before  the  house  now? 

The  President. — I  believe  it  was  seconded. 

Mr.  Ockebson. — I  would  like  to  call  the  attention  of  the  Society  to 
the  fact  that  the  great  Louisiana  Purchase  Exposition  is  to  be  held  in 
St.  Louis  in  1903. 

Mr.  Owen. — I  withdraw  my  motion,  then. 

The  Pbesedent. — The  motion  is  withdrawn. 

The  Secretary. — I  now  have  the  report  of  the  Tellers. 

The  President. — The  report  of  the  Tellers  will  now  be  read  by  the 
Secretary. 
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r     Report  of  Tellers  Appointed  to  Canvass  the  Ballot  for  the  Election  off 
Officers  at  the  Annual  Meeting*  January  15th*  100a. 

Whole  number  of  ballots  received 590 

Without  signature 11 

Counted 579 

For  President: 

Robert  Moore 574 

James  D.  Schuyler 2 

Onward  Bates 1 

James  William  Way 1 

George  Y.  Wisner 1 

Defective 1 

F(jt  Vice-Presidents : 

John  R.  Freeman 569 

Charles  C.  Schneider 572 

Robert  Moore 1 

A.  Mackenzie        2 

Henry  G.  Prout 1 

Adolphus  Bonzano 1 

Frank  C.  Osborn 1 

Mansfield  Merriman 1 

Defective 2 

Blank 1 

For  Treasurer: 

Joseph  M.  Knap 579 

Blan  k 1 

For  Directors : 
District  No.  1  : 

Richard  S.  Buck 572 

John  Bogart 1 

F.  Stuart  Williamson 1 

William  P.  Field 1 

Nelson  P.  Lewis 1 

Blank 2 

Defective 1 

District  No.  1  : 

George  H.  Pegram 573 

Josiah  A.  Biiggs 1 

Blank 5 

Defective 1 

District  No.  1  : 

William  J.  Wilgus 566 

George  S.  Rice  1 

Louis  L.  Tribus 1 

Alfred  Craven     1 

Clemens  Herschel 1 

Joseph  O.  Osgood 1 

Alfred  P.  Boiler 1 

Francis  T.  Fisher 1 

Blank fr 

Defective 1 
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District  No.  2 : 

William  Jackson 576 

J.  R.  Worcester 1 

Blank 2 

Defective 1 

District  No.  3 : 

Edmund  F.  Van  Hoesen 575 

William  A.  Haven 1 

Blank 3 

Defective 1 

District  No.  7: 

James  L.  Frazier 572 

B.  8.  Wathen 1 

A.  J.  Tullock   1 

James  D.  Schuyler 1 

James  L.  Lusk 1 

D.  C.  Henney I 

William  Wood * 1 

Blank 1 

Defective 1 

Respectfully  submitted, 

John  B.  Dunckxee, 
G.  W.  Bramwell, 

January  15th,  1902.  Tellers. 

The  President. — The  following  gentlemen  are  declared  to  be 
elected  to  the  offices  for  which  they  were  nominated :  Robert  Moore, 
President;  C.  C.  Schneider,  Vice-President;  John  R.  Freeman,  Vice- 
President;  Joseph  M.  Knap,  Treasurer;  Directors,  W.  J.  Wilgus, 
George  H.  Pegram,  Richard  S.  Buck,  William  Johnson,  £.  F.  Van 
Hoesen  and  J.  L.  Frazier. 

The  Secbetaby. — Although  it  has  not  been  a  matter  of  custom,  it 
seems  to  me  it  would  be  a  matter  of  courtesy  to  have  a  vote  of  thanks 
given  to  the  tellers  who  have  performed  this  arduous  labor  of  counting 
the  ballots  for  the  last  two  or  three  hours. 

Mr.  Green. — I  move  that  such  a  vote  of  thanks  be  given. 

The  motion,  being  duly  seconded,  was  put  to  a  vote  and  carried 
unanimously. 

The  Secretary.  —Unless  there  is  soma  new  business,  I  would  like 
to  make  one  or  two  announcements. 

The  President. — Is  there  any  other  business  before  the  house? 

Mr.  Ockerson. — I  have  a  resolution  which  I  would  like  to  offer: 

Resolved,  That  the  American  Society  of  Civil  Engineers  heartily  Louisiana 
favors  the  collection  of  a  representative  engineering  exhibit  for  the  ExposiUon. 
Louisiana  Purchase  Exposition  to  be  held  in  St.  Louis  in  1903,  to  illus- 
trate in  a  creditable  way  the  important  part  that  the  engineering  profes- 
sion has  taken  in  the  material  progress  of  the  country  during  the  past 
century,  and  to  this  end  we  recommend  the  earnest  co-operation  of  all 
members  of  this  and  other  engineering  societies. 

The  motion  was  seconded. 
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Mr.  Ockjebson. — I  would  like  to  explain  the  scope  of  the  exposi- 
tion, if  I  may  be  permitted,  in  about  five  minutes.  I  have  written 
my  remarks,  in  order  that  I  might  confine  myself  strictly  to  the  text, 
and  save  your  time. 

I  have  the  honor  to  represent  the  Department  of  Liberal  Arts  in 
the  Louisiana  Purchase  Exposition,  which  has  been  inaugurated  to 
celebrate  in  St.  Louis  the  anniversary  of  the  purchase  of  that  vast 
territory  formerly  known  as  Louisiana. 

This  Exposition  is  international  in  character,  and  the  President  of 
the  United  States  has  invited  all  foreign  governments  to  participate. 
The  investment  of.  the  United  States  in  this  Exposition  will  exceed 
$6  000  000,  and  the  City  of  St.  Louis  and  the  State  of  Missouri  have 
pledged  $11  000  000  more. 

It  is  evident,  therefore,  that  this  is  to  be  an  exposition  worthy  of 
the  event  whose  anniversary  it  celebrates. 

There  is  no  orle  transaction,  in  the  stirring  history  of  our  country 
from  its  infancy  down  to  the  present  time,  that  approaches  in  impor- 
tance the  acquisition  of  that  great  empire,  with  its  wealth  of  minerals, 
soil  and  other  natural  resources. 

In  its  development  for  the  uses  of  man,  the  engineer  has  always 
been  the  pioneer.  He  has  built  railways  across  the  trackless  plains; 
he  has  tunneled  the  mountains;  he  has  bridged  the  rivers;  he  has  built 
storage  reservoirs  and  irrigating  canals  which  have  made  the  desert 
plains  to  blossom  with  fertile  fields  and  filled  them  with  thrifty  and 
happy  homes.  The  greater  part  of  this  has  been  done  within  the  past 
fifty  years,  and  it  is  not  too  much  to  say  that  the  engineer  has  made 
this  remarkable  progress  possible,  and  to  him  should  large  credit  be 
given. 

It  is  especially  fitting  then,  that  the  engineer  should  take  the  op- 
portunity afforded  by  this  exposition  to  show  to  the  world  how  im- 
portant his  share  of  the  work  has  been,  and  to  fix  a  bench-mark  from 
which  the  future  progress  of  the  profession  can  be  measured. 

The  growth  of  the  profession  and  its  achievements  during  the  past 
half  century  have  been  little  less  than  marvelous. 

The  military  school  at  West  Point,  not  many  years  ago,  was  the 
only  engineering  school  in  the  country.  Now  there  are  many  well 
equipped  schools  of  engineering  throughout  the  length  and  breadth 
of  the  land,  where  students  receive  the  most  thorough  training  in  all 
branches  of  civil  engineering. 

Not  many  years  ago,  Hasler  was  induced  to  come  to  this  country 
to  take  charge  of  a  very  small  department  of  the  Government,  charged 
with  the  survey  of  some  of  our  harbors.  There  was  not  a  single  engi- 
neer in  the  country  who  was  regarded  as  competent  to  conduct  even 
that  small  work. 

When  Hasler  appealed  to  the  President  for  an  increase  in  salary, 
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as  engineers  will  do  sometimes,  even  now,  the  President  said:  "Why, 
Mr.  Hasler,  I  don't  pay  my  Secretary  of  the  Treasury  more  than  I  do 
you."  Hasler  replied,  "That  is  alJ  very  well;  you  can  get  plenty  of 
men  for  the  post  of  Secretary  of  the  Treasury,  but  there  is  only  one 
Hasler — only  one. "  It  is  needless  to  say  that  the  increase  of  pay  asked 
for  was  granted. 

The  same  argument  might  not  work  quite  as  well  to-day,  as  there 
would  probably  be  another  Hasler  in  the  field. 

I  am  extremely  anxious  to  see  our  profession  raised,  in  the  esteem 
of  the  public,  to  the  station  held  by  the  engineer  in  foreign  lands,  and 
it  occurs  to  me  that  here  is  an  opportunity  to  show  to  the  public  in  an 
unmistakable  way  how  large  a  share  the  engineer  has  had  in  the 
material  progress  of  the  country.  If  carried  out  in  the  proper  way, 
it  would  do  far  more  to  establish  the  profession  high  up  among  the 
so-called  learned  professions,  than  any  code  of  ethics  that  could 
possibly  be  devised. 

I  sincerely  hope,  therefore,  that  I  will  have  the  hearty  co-operation 
of  every  member  of  the  American  Society  of  Civil  Engineers,  to  the  end 
that  I  may  be  able  to  secure  a  full  line  of  exhibits,  in  the  shape  of 
models,  drawings,  maps  and  literature  covering  all  fields  of  engineer- 
ing and  illustrating  the  progress  made  therein. 

Gentlemen,  an  earnest  effort  on  your  part  along  the  lines  indicated, 
will  not  only  be  very  gratifying  to  me,  but  it  will,  I  am  sure,  be  of 
substantial  and  lasting  benefit  to  the  engineering  profession. 

The  following  is  a  general  outline  of  the  engineering  exhibits 
desired  at  the  Louisiana  Purchase  Exposition. 

Group  25,  Civil  Engineering. 

Class  136.     Building  materials  (other  than  timber),  materials  extracted 

from  quarries,  metals  and  ceramic  produots;  lime, 
cement,  plaster,  artificial  stone,  etc.  Equipment  and 
methods  of  production  of  these  materials. 

Class  137.     Methods  of  testing  building  materials. 

Class  138.     Preparation    of    building    materials;    implements     and 

methods  used  by  stone  cutters,  masons,  carpenters, 
slaters,  joiners,  locksmiths,  plumbers,  glaziers,  painters, 
etc. 

Class  139.     Equipment  for  and  methods  used  in  earth- work;   hand 

tools,  excavators,  scrapers,  barrows,  dump-carts,  service 
tracks,  hand-carts,  trucks,  etc. 

"Class  140.     Military  defenses  and  accessories;    engineering  material 

employed  in  the  operations  of  an  army. 

Class  141.     Equipment  for  and  methods  used  (other  than  pumps)  for 

preparing  foundations;  piles,  pile-drivers,  screw-piles, 
pneumatic  apparatus,  etc. 

Class  142.  Equipment  for  and  methods  of  transporting  and  distribu- 
ting materials. 

Class  143.     Equipment  and  methods  for  the  maintenance  of  roads, 

streets,  promenades,  etc. 

Class  144.     Equipment  for  lighting  sea  coasts,  channels,  mine-fields 

and  beacons.     Military  and  naval  material  for  same. 
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Class  145.     Equipment  for  and  methods  used  in  distributing  water  and 

gas  (not  including  gas  meters). 
Class  146.     Equipment  for  and  methods  used  in  pneumatic  telegraphy 

Group  26,  Models,  Plans  and  Designs  for  Public  Works. 


Class  147. 
Class  148. 


Roads  and  other  public  highways  on  land.  Bridges  and 
viaducts.  *       ' 

Inland  navigation;  improvement  of  rivers;  construction  of 
canals,  dams,  locks,  lifts,  fixed  bridges,  or  draw-bridges, 
canal  bridges,  reservoirs  and  feeders;  pumping  stations, 
mechanical  towing,  and  warping;  equipment  used  for 
the  development  of  river  ports. 

Sea  ports;  general  arrangements;  jetties,  basins,  locks, 
swing  bridges;  equipment  for  development  (not  includ- 
ing shipping). 

Maritime  canals. 

Irrigating  canals  and  systems. 

Provision  of  lights  and  beacons  for  sea  coasts. 

Protection  against  flooding  by  rivers  or  by  sea. 

Railways  as  regards  plan  and  profile  of  the  line,  and  engi- 
neering works. 

Construction  and  maintenance  of  streets  in  cities. 

Water  supply,  sanitation  and  gas  lighting  of  cities. 

Statistics,  maps  and  publications  relative  to  public  works. 

Group  27,  Architectural  Engineering. 

Models  and  plans  of  public  buildings  for  special  purposes; 

large  and  small  dwelling  houses. 
Models,  drawings  and  specifications  for  foundations,  walls, 

partitions,  floors,  roofs  and  stairways. 
Designs  and  models  of  special  contrivances   for  safety, 

comfort,    and    convenience    in    the     manipulation    of 

elevators,  doors,  windows,  etc. 
Working  plans  for  the  mason,   carpenter    and    painter; 

designs  and  models  of  bonds,  arches,  coping,  vaulting, 

etc. ;  plastering  and  construction  of  partitions;  painting 

and  glazing. 

I  thank  you  very  much  for  the  kind  attention  you  have  given  me. 

The  President. — The  question  is  on  Mr.  Ockerson's  resolution  that 
this  meeting  favors  an  exhibit  at  the  Louisiana  Purchase  Exposition. 

The  motion  being  put  to  vote  was  carried. 
Programme  of  The  Secretary. — I  have  to  announce  that  the  programme  of  the 
Meeting.  Annual  Meeting  will  be  carried  out  as  printed,  with  only  one  im- 
portant change.  The  Reception  will  be  held  this  evening,  as  scheduled, 
and  to-morrow  morning  at  10  o'clock  the  party  will  leave  the  Society 
House  to  inspect  the  Rapid  Transit  work.  After  visiting  the  station 
at  Fifty-ninth  Street  the  party  will  inspect  the  work  on  Broadway,  as 
far  as  Forty -second  Street,  and  then  along  the  latter  to  Park  Avenue. 
On  Park  Avenue  the  upper  tunnel  heading,  at  Forty-first  Street,  will 
be  visited,  instead  of  the  lower  heading  at  Thirty -fourth  Street,  as  at 
first  intended. 


Class  149. 


Class  150. 
Class  151. 
Class  152. 
Class  153. 
Class  154. 

Class  155. 
Class  156. 
Class  157. 


Class  158. 
Class  159. 
Class  160. 

Class  161. 
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From  Forty-first  Street  the  party  will  proceed  to  Delmonico's,  at 
Forty-fourth  Street  and  Fifth  Avenue,  and  there  take  lunch  with  Mr. 
O'Rourke.  The  first  intention  was  to  have  the  lunch  served  in  the 
vaults  of  the  new  Stock  Exchange  Building,  but  this  has  not  been  found 
practicable.  After  lunch  the  party  will  visit  Mr.  O'Rourke's  work 
at  the  Stock  Exchange  and  Hanover  Bank  Buildings. 

In  the  evening  the  Smoker  will  be  held  at  the  Society  House,  as 
stated  in  the  programme. 

The   following   letter    has    been  received  from  Mr.   George  H. 

Pegram: 

New  York,  January  14th,  1902. 
Charles  Warren  Hunt,  Esq., 

Secretary^ 

American  Society  of  Civil  Engineers. 
Dear  Sir,— The  members  of  the   Society  attending  the  Annual 
Meeting  are  respectfully  invited  to  visit  the  power  station  of  the  Man- 
hattan Railway  Company  at  Seventy -fourth  Street  and  East  River. 
Admission  may  be  obtained  by  presenting  badge  at  the  door. 

Yours  respectfully, 

Geo.  H.  Pegram, 
Chief  Engineer. 

The  Secretary, — There  will  be  a  meeting  of  the  Board  of  Direction 
in  the  Secretary's  office  at  2  o'clock,  and  it  is  requested  that  every 
member  of  the  Board  present  will  attend  promptly.  The  Constitution 
provides  that  there  shall  be  nine  members  of  the  Board  at  meetings  to 
be  held  at  the  Annual  Meetings  in  order  to  make  a  quorum. 

The  President. — Is  there  any  other  business  before  the  meeting? 
If  not,  a  motion  to  adjourn  is  in  order. 

A  Member. — I  move  we  adjourn. 

The  President. — I  wish,  gentlemen,  to  thank  you  for  the  courtesy 
that  has  been  displayed  to  me.  Success  has  attended  our  efforts 
during  the  past  year  to  increase  the  Society  and  to  have  good 
meetings  and  valuable  papers  presented.  Before  I  resign  the  gavel, 
I  wish  to  introduce  to  you  the  only  one  of  the  newly  elected  Vice- 
Presidents  who  is  present.  We  are  very  sorry  that  Mr.  Moore  is  not 
present,  or  that  Mr.  John  R.  Freeman  is  not  present,  but  we  have 
with  us  Mr.  C.  C.  Schneider. 

I  herewith  tender  to  you,  Mr.  Schneider,  the  gavel,  and  I  would 

say,  in  the  words  of  a  great  author: 

"It  seems  to  me  a  message  from  the  world  of  spirits  when  any 
man  obtains  that  which  he  merits  and  in  turn  merits  that  which  he 
obtains. " 

C.  C.  Schneider,  Vice-President,  Am.  Soc.  C.  E. — I  think  it  is 

not  in  the   province  of  the  Vice-President  to  make  a  speech;  that 

honor  balonga  to  the  newly  elected  President,  and  as  he  is  not  here 

at  the  present  time  I  prefer  that  he  would  make  his  own  speech  at  the 

proper  time. 

The  Society  then  adjourned. 
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EXCURSIONS  AND  ENTERTAINMENTS  AT  THE  FORTY-NINTH 

ANNUAL  MEETING. 

Wednesday,  January  15th,  190a. — After  the  business  meeting, 
lunch  was  served  at  1.30  p.  m.  in  the  Lounging  Boom.  At  3  p.  h. 
John  F.  O'Rourke,  M.  Am.  Soc.  C.  E.,  described  the  foundation  work 
on  the  new  Stock  Exchange  Building  and  the  new  Hanover  Bank 
Building,  illustrating  his  remarks  with  lantern  slides;  and  William 
Barclay  Parsons,  M.  Am.  Soc.  C.  E. ,  described  the  main  features  of 
the  Rapid  Transit  Tunnel  Work,  also  using  lantern  slides  to  illustrate 
his  remarks. 

At  9  p.  m.  a  reception  was  held  in  the  Society  House,  which  was 

very  largely  attended. 

• 

Thursday,  January  16th,  190a. — At  10  a.  m.  the  members  met  at 
the  Society  House,  and,  under  the  guidance  of  William  Barclay  Par- 
sons, M.  Am.  Soc.  O  E.,  Chief  Engineer  of  the  Bapid  Transit  Com- 
mission, and  the  assistant  engineers  connected  with  the  work, 
proceeded  to  inspect  the  Bapid  Transit  Work.  The  station  at  Broadway 
and  Fifty-ninth  Street  and  a  portion  of  the  tunnel  to  the  south  were 
lighted  for  the  occasion.  The  various  works  on  Broadway,  south  as 
far  as  Forty-second  Street  and  along  the  latter  street  to  Park  Avenue, 
were  visited.  On  Park  Avenue,  at  Forty -first  Street,  the  heading  of  the 
Park  Avenue  tunnel  was  inspected,  and  from  this  point  the  members 
proceeded  to  Delmonico's,  at  Forty -fourth  Street  and  Fifth  Avenue, 
where  they  were  entertained  at  lunch  by  Mr.  John  F.  O'Rourke. 

After  lunch,  the  party  visited  the  new  Stock  Exchange  and  Han- 
over Bank  Buildings  and  inspected  the  deep  foundation  work  there 
under  way. 

In  the  evening  there  was  an  informal  "  Smoker "  at  the  Society 
House. 

The  following  list  contains  the  names  of  435  members  of  various 
grades,  who  registered  as  being  in  attendance  at  the  Annual  Meeting. 
This  list  is  incomplete,  on  account  of  the  failure  of  many  members  to 
register,  and  it  does  not  include  the  names  of  any  of  the  guests  of  the 
Society  or  of  individual  members: 

Aiken,  W.  A Pittsburg,  Pa.      Baldwin,  W.  J New  York  City 

Allen,  C.  H New  York  City      Basin ger,  J.  G New  York  City 

Allen,  W.  A Maurer,  N.  J.  Baum,  George. .  .Bloomfield,  N.  J. 

Allen,  W.  H. .  .New  Haven,  Conn.      Belknap,  W.  E New  York  City 

Andrews,  Horace.  ..Albany,  N.  Y.  Bellinger,  L.  F.  ..Brooklyn,  N.  Y. 

Asserson,  P.  C Brooklyn,  N.  Y.  Benton,  Lewis  S . .  .New  York  City 

Averill,  F.  L.  ..Washington,  D.  C.      Berg,  W.  G New  York  City 

Berger,  Bernt New  York  City 

Bacon,  J.  W Danbury,  Conn.      Bettes,  C.  R New  York  City 

Bailey,  G.  I Albany,  N.  Y.      Beugler,  E.  J Boston,  Mass. 
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Binion,  Joshua New  York  Citv 

Bishop,  G.  H.  Middle  town,  Conn. 

Bissell,  H Boston,  Mass. 

Blakeley,  G.  H. .  .Paterson,  N.  J. 
Blakeslee,  C. .  .New  Haven,  Conn. 
Blanchard,  A.  H .  Providence,  R.  I. 

Bogart,  John New  York  City 

Boiler,  A.  P New  York  City 

Boiler,  A.  P.,  Jr .  East  Orange,  N.J. 
Bond,  Edward  A  . .  Albany,  N.  Y. 

Bonzano,  A Philadelphia,  Pa. 

Bott,  J.  B Greensburg,  Pa. 

Bonton,  G.  H Boonton,  N.  J. 

Bowman.  A.  L New  York  City 

Bracken  ridge,  J.  C  .Brooklyn,  N.  Y. 

Braine,  L.  F New  York  City 

Bramwell,  G.  W. . .  New  York  City 
Brendlinger,P.  F.  Philadelphia,  Pa. 

Breuchaud,  J Yonkers,  N.  Y. 

Brinckerhoff,  H.  W .  New  York  City 

Brinsmade,  D.  S Derby,  Conn. 

Brooks,  Fred Boston,  Mass. 

Brown,  Le  Grand Ithaca,  N. Y. 

Brown,  Thomas  E.New  York  City 

Brnsh,  W.  W New  York  City 

Bnck,  L.  L New  York  City 

Buck,  R.  8 New  York  City 

Burden,  J.  A New  York  City 

Burdett,  F.  A New  York  City 

Bush,  E.  W Hartford,  Conn. 

Butte,  E.  P Holyoke,  Mass. 

Carr,  Albert. .  .East  Orange,  N.  J. 

Carter,  S Richmond,  Va. 

CatteJl,  W.  A New  York  City 

Chapleau,  S.  J Ottawa,  Can. 

Chase,  J.  C Derry,  N.  H. 

Chase,  R.  D New  York  City 

Chester,  J.  N Pittsburg,  Pa. 

Christian,  G.  L New  York  City 

Christy,  G.  L New  York  City 

Clapp,  O.  F Providence,  R.  I. 

Clark,  G.  H New  York  City 

Clarke,  John  A.,  Jr. New  York  City 
Clarke,  St.  J New  York  City 


Cod  wise,  E.  B Kingston,  N.  Y. 

Coffin,  Amory New  York  City 

Cogswell,  W.  B Syracuse,  N.Y. 

Colby,  S.  K New  York  City 

Cole,  H.  J New  York  City 

Collier,  B.  C New  York  City 

Colling  wood,  F . .  .New  York  City 
Conkling,  L.  de  V . .  Elmira,  N.  Y. 

Cook*  John  H Passaic,  N.  J. 

Cooke,  C.  H New  York  City 

Cooper,  Theo New  York  City 

Cornell,  G.  B New  York  City 

Cornell,  J.  N.  H . . . .  New  York  City 
Coverdale,  W.  H . .  New  York  City 

Crandall,  C.  L Ithaca,  N.  Y. 

Crane,  W.  E New  York  City 

Craven,  A New  York  City 

Croes.  J.  J.  R.« New  York  City 

Crowell,  Foster New  York  City 

Cuddebaok,  A.  W .  Paterson,  N.  J. 
Cudworth,  F.  G.  ..New  York  City 

Darrach.  C.  G.  .Philadelphia,  Pa. 

Davies,  J.  V New  York  City 

Davis,  A.  L New  York  City 

Davis,  Chandler. . .  New  York  City 

Davis,  C.  E Monte] air,  N.  J. 

Davis,  R.  B Boston,  Mass. 

Dean,  Luther Taunton,  Mass. 

Deans,  J.  S Phoenixville,  Pa. 

Devin,  George New  York  City 

Deyo,  S.  L.  F New  York  City 

Diebitsch,  E New  York  City 

Dougan,  J New  York  City 

Drake,  A.  B.. New  Bedford,  Mass. 
Duncklee,  J.B .  South  Orange,  N.J. 
Duryea,  Ed  win,  Jr.  Brooklyn,  N.Y. 

Easby,  M.  W.  ..Philadelphia,  Pa. 

Edwards,  J.  H Oxford,  N.  Y. 

Ehle,  Boyd East  Creek,  N.  Y. 

Elliott,  J.  S. .  .Washington,  D.  C. 

Ellis,  J.  W Woonsocket,  R.  I. 

Endemann,  H.  K.  .Brooklyn, N.Y. 
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Erlandsen,  O New  York  City 

Evans,  J.  M Brooklyn,  N.Y. 

Evans,  M.  E New  York  City 

Fairchild,  John  F.Mt.  Vernon,  N.Y. 
Farley,  J.  M. .  .White Plains,  N.Y. 
Farnum,  H.  H. . .  .New  York  City 

Farrington,  H New  York  City 

Ferris,  F.  E. . .  .Jersey  City,»N.  J. 
Field,  William  P. .  .Newark,  N.  J. 

Fisher,  Clark Trenton,  N.  J. 

Fisher,  F.  D New  York  City 

Fisher,  Wager. . Philadelphia,  Pa. 
FitzGerald,  J.  L. 

Schenectady,  N.  Y. 

Foster,  T.  J New  York  City 

Fonquet,  J.  D Fishkill,  N.  Y. 

Francis,  Geo.  B. .  Providence,  B.  I. 
Freeman,  John  B. 

Providence,  B.  I. 

French,  A.  H Brookline,  Mass. 

French,  J.  B New  York  City 

Frick,  Walter  . . .  Carbondale,  Pa. 

Frost,  G.  H New  York  City 

Frost,  Geo.  S New  York  City 

Fuller,  Geo.  W. . . .  New  York  City 

Fuller,  W.  B New  York  City 

Furber,  W.  C. .  .Philadelphia,  Pa. 

Gardiner,  F.  W. .  .New  York  City 
Garrison,  F.  L . .  Philadelphia,  Pa. 

Gartensteig,  C New  York  City 

Gay,  C.  W Lynn,  Mass. 

Gerber,  E Philadelphia,  Pa. 

Gifford,  G.  E New  York  City 

Gillespie,  B.  H. . .  New  York  City 
Goldsborough,  J.  B. 

New  York  City 

Gould,  E.  S Yonkers,  N.  Y. 

Gowen,  C.  S Ossining,  N.  Y. 

Graham,  J.  M Baltimore,  Md. 

Granberry ,  J.  H. . .  New  York  City 

Grant,  T.  H Bed  Bank,  N.  J. 

Graves,  E.  D Hartford,  Conn. 

Gray,  W New  York  City 


Green,  B.  B. .  .Washington,  D.  C. 
Greene,  Carleton .  .New  York  City 

Greene,  F.  S New  York  City 

Greene,  G.  8. ,  Jr . .  New  York  City 

Gregory,  C.  E New  York  City 

Greiner,  J.  E Baltimore,  Md. 

Hague,  Chas.  A . . .  New  York  City 

Haight,  S.  8 New  York  City 

Haines,  C  W. . .  Philadelphia,  Pa. 

Haines,  H.  S New  York  City 

Hall,  M.  W  ...  .New  York  City 
Hammer,  B.  H.  ..Brooklyn,  N.  Y. 
Hankinson,  A.  W . .  New  York  City 

Harby,  I New  York  City 

Harding,  W.  8 . .  Philadelphia,  Pa. 
Hardy,  G.  B. .  .Forest  Hills,  Mass. 
Harrington,  F.  F.Brooklyn,  N.  Y. 
Harrington,  J.  L . .  New  York  City 

Harris,  CM New  York  City 

Harrison,  A.  W Erie,  Pa. 

Harwi,  S.  J Bayonne,  N.  J. 

Haskins.  W.  J New  York  City 

Hauck,  W New  York  City 

Haviland,  A New  York  City 

Hayes,  E Cohoes,  N.  Y. 

Hayes,  8.  W Newark,  N.  J. 

Hazen,  Allen New  York  City 

Hazelton,  C.  W. 

Turners  Falls,  Mass. 
Hemming,  D.  W. . .  New  York  City 
Hendrick,  C.  W. .  .New  York  City 

Henry,  P.  W New  York  City 

Herbert,  H.  M. Bound  Brook,  N.  J. 
Hering,  Budolph.  .New  York  City 

Hickok,  H.  A Newark,  N.  J. 

Hill,  A.  B New  Haven,  Conn. 

Hill,  Geo New  York  Citv 

Hinds,  F.  A Watertown,  N.  Y. 

Hoag,  S.  W. ,  Jr . . .  New  York  City 

Hodge,  H.  W New  York  City 

Hoflf,  Olaf New  York  City 

Hoffman,  N.  B.  K.  .New  York  City 

HonnesB,  G.  G Paterson,  N.  J. 

Hook,  C.  A Baltimore.  Md. 
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Horton,  S Indianapolis,  Ind. 

Horton,  Theo New  York  City 

Hough,  D.  L New  York  City 

Hovey,  O.  E Pencoyd,  Pa. 

Howe,  H.  J New  York  City 

Hoyt,  J.  T.  N New  York  City 

Hoyt,  William  E. 

Rochester,  N.  Y. 
Humphrey,  R.  L .  Philadelphia,  Pa. 
Hunt,  Charles  Warren 

New  York  City 

Hunt,  R.  W Chicago,  111. 

Hunter,  R.  E . . .  Montreal,  Canada 

Hurry,  E.  H Bethlehem,  Pa. 

Hyde,  A.  L New  Hay  en,  Conn. 

Irving,  W.  E New  York  City 

Jackson,  J.  M. .  Schenectady,  N.  Y. 

Jacoby,  H.  S Ithaca,  N.  Y. 

Johnson,  Alex New  York  City 

Johnson,  L.  J. . .  Cambridge,  Mass. 
Jonson,  Ernst New  York  City 

Kaufman,  O New  York  City 

Kelley,  J.  A Philadelphia,  Pa. 

Kelley,  W.  D New  York  City 

Kenly,  W.  L Baltimore,  Md. 

Kennedy,  John .  Montreal,  Canada 
Kenney,  E.  F. .  .Philadelphia,  Pa. 

Khuen,  R.,  Jr Pittsburg,  Pa. 

Kimball,  Geo.  A. .  .Boston,  Mass. 

King,  Paul  S New  York  City 

King,  Wallace,  Jr. New  York  City 
Kingsley,  T.  P. . . .  New  York  City 

Klapp,  Eugene New  York  City 

Knap,  E.  D New  York  City 

Knap,  J.  M. . . .  - .  .New  York  City 

Knight,  F.  B New  York  City 

Kuichling,  E Rochester,  N.  Y. 

Landreth,  O.  H Ithaca,  N.  Y. 

Langton,  John New  York  City 

Lant,  F.  P New  York  City 

Lea,  S.  H Birmingham,  Ala. 


Leavitt,  C.  W.,  Jr. New  York  City 

Leavitt,  F.  M New  York  City 

Lee,  W.  B New  York  City 

Leffingwell,  F.  D.  .New  York  City 

Lehlbach,  G Newark,  N.  J. 

Leonard,  H.  R.  .Philadelphia,  Pa. 

Lewis,  N.  P Brooklyn,  N.  Y. 

Linden  thai,  G. . .  ..New  York  City 
Livingston,  J.  I. 

Bound  Brook,  N.  J. 

Long,  E.  McL New  York  City 

Loomis,  Horace...  .New  York  City 

Low,  G.  E New  York  City 

Lowinson,  O New  York  City 

Ludwig,  A New  York  City 

Lundie,  John  New  York  City 

Luster,  W.  H.,  Jr.  Elizabeth,  N.  J. 

Macdonald,  A.  A.  .New  York  City 

Macdonald,  C New  York  City 

Machen,  H.  B New  York  City 

Macnab,  G.  T New  York  Citv 

McCann,  T.  H Hoboken,  N.  J. 

McComb,  C.  O..Watertown,  N.  Y. 
McGregor,  R.  A. .  .New  York  City 

McKenna,  C.  F New  York  City 

McKenzie,  T.  H  .  Hartford,  Conn. 

McKim,  A.  R New  York  City 

McMinn,  T.  J New  York  City 

McNicol,  J.  A New  York  City 

McNulty,  G.  W. .  .New  York  City 

Magor,  H.  B New  York  City 

Malukoff,  A.  J . . . .  New  York  City 

Manley,  H Boston,  Mass. 

Marden,  H.  H.,  Jr. New  York  City 
Marple,  W.  McK. . .  Scranton,  Pa. 

Martin,  C.  C New  York  City 

Martin,  K.  L Brooklyn,  N.  Y. 

Martin,  W.  B New  York  City 

Mayer,  Joseph New  York  City 

Mead,  C.  A Newark,  N.  J. 

Mead,  E Washington,  D.  C. 

Meem,  J.  C New  York  City 

Merry  man,  W.  C.  .New  York  City 
Metcalf,  L Washington,  D.  C. 


74 


EEPOET  OF  THB  ANNUAL  MEETING. 


[Society 


Meyer,  H.  C New  York  City 

Miller,  H.  A Clinton,  Mass. 

Miller,  RP New  York  City 

Mills,  CM.....  Philadelphia,  Pa. 
Miner,  C.  A. .  .Washington,  D.  C. 

Moore,  C.  H New  York  City 

Moore,  W.  H . .  New  Haven,  Conn. 

Morse,  C.  M Buffalo,  N.  Y. 

Moses,  P.  R New  York  City 

Myers,  C.  H New  York  City 

Nenmeyer,  R.  £.  .Bethlehem,  Pa. 
Nichols,  C.  H.  .New  Haven,  Conn. 

Nichols,  O.  F Brooklyn,  N.  Y. 

North,  KP New  York  City 

Nostrand,  P.  E New  York  City 

Nye,  A.  S New  York  City 

Oastler,  W.  C New  York  City 

O'Brien,  J.  H. .  .Providence,  R.  I. 

Ockerson,  J.  A St.  Louis,  Mo. 

Odell,  F.  8 New  York  City 

Olcott,  E.  E New  York  City 

Olney,  L.  F New  York  City 

O'Rourke,  J.  F. . .  -New  York  City 

Osgood,  J.  O New  York  City 

Owen,  Jas Newark,  N.  J. 

Parker,  A.  McC. .  .New  York  City 
Parsons,  H.  de  B . .  Ne w  York  City 

Parsons,  W.  B New  York  City 

Patterson,  J.  A.  .Philadelphia,  Pa. 

Pegram,  G.  H New  York  City 

Perkins,  P.  S. .  .Providence,  R.  I. 

Pierce,  W.  T Boston,  Mass. 

Piper,  A.  R. Ossining,  N.  Y. 

Pitts,  T.  D New  York  City 

Poik,  W.  A New  York  City 

Pollock,  CD New  York  City 

Potter,  Alex New  York  City 

Pratt,  W.  A Philadelphia,  Pa. 

Prince,  A.  D New  York  City 

Prout,  H.  G New  York  City 

Pruyn,  F.  L New  York  City 

Raasloff,  H  de  . . . .  New  York  City 
Ramsey,  E.  P New  York  City 


Reed,  W.  B New  York  City 

Reynolds,  J.  O New  York  City 

Rhodes,  F.  D New  York  City 

Rice,  G.  S New  York  City 

Richardson,  C. . . .  New  York  City 
Richardson,  T.  F.  .Clinton,  Mass. 

Ricketts,  P.  C Troy,  N.  Y. 

Rid g way,  R New  York  City 

Ritchie,  J.       . .   Cleveland,  Ohio 
Roberts,  P.,  Jr. Philadelphia,  Pa. 

Rosenberg,  F New  York  City 

Rosenthal.  A.  ..Mt.  Vernon,  N.  Y. 

Rotch,  W Boston,  Mass. 

Rowland,  T.  F New  York  City 

Ryan,  M.  H New  York  City 

Ryder,  E.  M.  T. .New Haven,  Conn. 

Sabin,  A.  H New  York  City 

Saunders,  W.  L. .  .New  York  City 

Schmitz,  F.  C New  York  City 

Schneider,  A New  York  City 

Schneider,  C  C .  Philadelphia,  Pa. 
Schwiers,  F.  W. .  ..New  York  City 

Seaman,  H.  B New  York  City 

Shaler,  I.  A New  York  CitV 

Sherrerd,  M.  R Newark,  N.  J. 

Shryock,  J.  G.,  Jr. 

Philadelphia,  Pa. 

Simpson,  G.  F New  York  City 

Skinner,  F.  W New  York  City 

Smith,  C  W New  York  City 

Smith,  E.  R Islip,  N.  Y. 

Smith,  J.  W Paterson,  N.  J. 

Smith,  L.  C  L. 

Long  Island  City,  N.  Y. 

Smith,  W.  F New  York  City 

Snow,  J.  P Boston,  Mass. 

Sooysmitb,  C New  York  City 

Soper,  G.  A New  York  City 

Stanton,  F.  McM. 

Atlantic  Mine,  Mich. 

Stanton,  R.  B Sewickley,  Pa. 

Stearns,  F.  P Boston,  Mass. 

Stern,  E.  W New  York  City 

Stevens,  A ..New  York  City 

Stidham,  H New  York  City 
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Stiger,  J.  S  ,  Jr.  .Mend ham,  N.  J. 
Stoddard,  G.  G. . . .  New  York  City 

Stowe,  H.  C New  York  City 

Stuart,  A.  A Quebec,  Can. 

Swindells,  J.  S.  Mt.  Kisco,  N.  Y. 

Taber,  G.  A New  York  City 

Taylor,  C.  F. .  East  Boston,  Mass. 

Taylor,  L.  A Boston,  Mass. 

Thomas,  G.  £ Annapolis,  Md. 

Thomes,  E.  H New  York  City 

Thompson,  S.  C.  ..New  York  City 
Thompson,  S.  E. 

Newton  Highlands,  Mass. 
Thomson,  A. ,  Jr . .  New  York  City 
Thomson,  G.  H.^.Ossining,  N.  Y. 
Thomson,  T.  K. .  .New  York  City 

Thornley,  J New  York  City 

Tibbals,  G.  A New  York  City 

Tibbals,  S.  G New  York  City 

Tilden,  C.  J New  York  City 

Tomlinson,  A.  T. .  .Boston,  Mass. 
Tompkins,  E.  DeV. 

New  York  City 
Tompson,  G.  M  —  Boston,  Mass. 

Travell,  W.  B New  York  City 

Tread  well,  L . .  .Portsmouth,  N.  H. 

Tribus,  L.  L New  York  City 

Triest,  W.  G.  F New  York  City 

Trotter,  A.  W New  York  City 

Tucker,  L.  W Boston,  Mass. 

Tucker,  W.  C New  York  City 

Turner,  D.  L New  York  City 

Tuska,  G  B New  York  City 

Ulrich,  D New  York  City 

Upham,  C.  C New  York  City 

Upham,  R.  D New  York  City 

Value,  B.  R New  York  City 

Van  Home,  J.  G . .  New  York  City 
Van  Orden,  C.  H.  Catskill,  N.  Y. 
Van  Winkle,  E.  B..New  York  City 

Viele",  M.  A Schenectady,  N.  Y. 

Vier,  H New  York  City 

Vorce,  C.  B  Hartford,  Conn. 


Vred  en  burgh,  W.,  Jr. 

New  York  City 

Waddell,  M New  York  City 

Wadsworth,  J.  E.  .New  York  City 
Wagner,  J.  C. . .  Philadelphia,  Pa. 

Wait,  J.  C New  York  City 

Ward,  C.  R New  York  City 

Ware,  R.  W Plainiield,  N.  J. 

Wason,  L.  C Boston,  Mass. 

Waterhouse,  J New  York  City 

Watkins,  F.  W.White  Plains,  N.Y. 

Webb,  W.  L Philadelphia,  Pa. 

Webster,  A.  L New  York  City 

Webster,  G.  S.  .Philadelphia,  Pa. 
Webster,  W.  R. .  .Philadelphia, Pa. 

Wegmann.  E Katonah,  N.  Y. 

Wells,  C.  E Clinton,  Mass. 

Wells,  J.  A New  York  City 

Wells,  J.  H New  York  City 

Wheeler,  S.  S New  York  City 

Whinery,  8 New  York  City 

Whipple,  G.  C. .  .Brooklyn,  N.  Y. 

White,  F.  G New  York  City 

White,  L New  York  City 

White,  T.  S Beaver  Falls,  Pa. 

Whitney,  F.  O Boston,  Mass. 

Whitson,  A.  U. . .  New  York  City 
Whittemore,  W.  F .  New  York  City 
Wiggin,  E.  W..New  Haven,  Conn. 

Wilcock,  F New  York  City 

Wiley,  W.  H New  York  City 

Williamson,  F.  S..New  York  City 

Willson,  F.  N Princeton,  N.  J. 

Wilson,  C.  W.  S. 

New  Rochelle,  N.  Y. 

Wolfel,  PaulL Pencoyd,  Pa. 

Woodbury,  C.  J.  H.Boston,Mass. 
Wor  ten  dyke,  N.  D. 

Jersey  City,  N.  J. 
Wright,  J.  B New  York  City 

York,  H.  W New  York  City 

Zollinger,  L.  R.Philadelphia,  Pa. 


76  AKKODHCEMEHTS. 


ANNOUNCEMENTS. 

The  House  of  the  Society  is  opeo  from  9  A.  M.  to  10  P.  M. 
every  day,  except  Saadays,  Fourth  of  July,  Thaaksgiviag  Day  and 
Christmas  Day. 

MEETINGS. 

Wednesday,  March  5th,  100a.— 6. 30  p.  m.— At  this  meeting  ballots 
for  membership  and  ballots  on  the  proposed  Amendment  to  the  Consti- 
tution will  be  canvassed,  and  a  paper  by  George  S.  M orison,  Past- 
President,  Am.  Soc.  C.  E-,  entitled  "  The  Bohio  Dam,"  will  be  pre- 
sented for  discussion. 

This  paper  was  printed  in  the  Proceedings  for  January,  1902. 

Wednesday,  March  19th.  10*3.— 8.30  p.  m.— At  this  meeting  a 
paper  by  C.  A-  P.  Turner,  M.  Am.  Soc.  C.  E.,  entitled  "Thermo- 
Ekctric  Measurement  of  Stress,"  will  be  presented  for  discussion. 

This  paper  was  printed  in  the  Proceedings  for  January,  1902. 

Wednesday,  April  2d.  1003.— 8.30  p.  it— At  this  meeting  ballots 
for  membership  will  be  canvassed,  and  two  papeis  will  be  presented: 
one  by  Marsden  Man  son,  M.  Am.  Soc.  C.  £.,  entitled  "  A  Brief  His- 
tory of  Road  Conditions  and  Legislation  in  California,"  and  the  other 
by  Charles  C.  Went  worth,  M.  Am.  Soc.  C.  E.,  on  "Line  and  Surface 
for  Railway  Curves." 

These  papers  are  printed  in  this  number  of  Proceetiings. 

Wednesday,  April  16th,  190a. — 8.30  p.  m.— At  this  meeting  two 
papers  will  be  presented  for  discussion,  as  follows:  "  Is  It  Unprofes- 
sional for  an  Engineer  to  be  a  Patentee?"  by  Archibald  R.  Eldridge, 
M.  Am.  Soc.  C.  E;  and  "The  Stiffening  System  of  Long-Span  Sus- 
pension Bridges  for  Railway  Trains,"  bv  Joseph  Mayer,  M.  Am.  Soc. 
C.  E 

These  papers  are  printed  in  this  number  of  Pro>wiing$. 

ANNUAL  CONVENTION  OF  iooa. 

The  Thirtv-fourth  Annual  Convention  of  the  Society  will  be  held  at 
Washington,  D.  C,  beginning  on  Tuesday,  May  20th,  1902. 

CURRENT  ENGINEERING  LITERATURE. 

The  interest  which  has  been  manifested  in  this  monthly  list  of  ref- 
erences  has  led  the  Committee  on  Publications  to  decide  that  hereafter 
this  list  shall  be  printed  on  one  side  of  the  page  only.     Several  mem- 
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bers  have  asked  that  this  be  done  so  that  anyone  may  cut  out,  for 
scrap-book  or  card-index  use,  that  part  of  the  classified  list  which  may 
be  of  special  interest  to  himself. 

That  this  publication  has  proved  of  service  to  members  is  grati- 
fying. It  often  takes  a  long  trial  to  ascertain  whether  money 
expended  in  new  ways  is  well  spent,  for  the  reason  that  expressions  of 
approval  seem  to  members  to  be  gratuitous  and  unnecessary,  and  are, 
consequently,  not  often  heard.  It  is  therefore  suggested  that  interest 
in  the  publications  which  is  manifested  by  suggestions  for  improve- 
ment which  are  to  the  point  will  always  be  received  with  appreciation 
by  the  Committee  on  Publications. 

PRESENTATION  OF  PAPERS. 

It  will  be  noticed  that  a  new  departure  has  been  made  in  assigning 
the  dates  for  the  presentation  of  the  four  papers  printed  in  this  num- 
ber, two  of  them  having  been  scheduled  for  the  first  April  meeting, 
and  two  for  the  second  meeting  of  that  month.  The  increasing  num- 
ber of  papers  makes  this  policy  necessary,  and  inasmuch  as  the  prac- 
tice of  the  reading  in  full  of  any  but  an  extremely  short  paper  has 
been  abandoned,  it  is  hoped  that  added  interest  in  meetings  will  result 
in  the  discussion  of  more  than  one  subject  in  one  evening.  The  Com- 
mittee on  Publications  some  time  ago  authorized  the  Secretary  to 
request,  when  in  his  judgment  it  was  advisable,  that  the  author  of  an 
accepted  paper  prepare  an  abstract  of  it  which  in  his  absence  might 
be  read  to  the  meeting  by  the  Secretary.  The  Committee  has  not 
cared  to  require  such  an  abstract,  feeling  that  the  furnishing  of  it 
should  be  optional  with  the  author.  Sooner  or  latter  it  will  be  neces- 
sary to  present  all  papers  briefly,  in  order  to  secure  proper  time  for 
discussion,  and  it  is  here  suggested  that  a  brief  abstract,  either  of  a 
paper  or  of  a  long  written  discussion,  giving  the  premises  on  which 
argument  is  based,  or  the  general  results  of  mathematical  or  experi- 
mental investigation,  and  the  author's  conclusions,  will  always  be  ac- 
ceptable, and  can  be  used  to  the  advantage  of  members  who  attend  the 
meetings,  not  only  in  concentrating  attention  on  the  subject,  but  in 
the  suggestion  of  new  ideas  which  may  add  to  the  interest  of  the 
verbal  discussion  which  follows. 

TOPICS  FOR  DISCUSSION  AT  THE  ANNUAL  CONVENTION. 

It  will  be  remembered  that  at  the  last  three  Conventions  no  formal 
papers  have  been  presented,  but  that  in  their  stead  topics  of  general 
interest  have  been  presented  for  discussion.  The  resulting  attend- 
ance and  interest  in  convention  meetings  has  shown  the  wisdom  of  the 
change,  and  the  Committee  on  Publications  will  be  glad  to  have 
members  suggest  topics  suitable  for  discussion. 
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Tlw  following  list  of  the  subjects  which  have  already  been  dis- 
ouwaotl  at  Conventions,  is  here  printed,  in  order  to  give  some  idea  of 
tlw  kind  of  subjects  desired  : 

List  of  Subjects  Presented  fob  Discussion  at  the  last  three 

Annual  Conventions. 

"Should  the  use  of  the  method  of  Wheel  Concentrations  be  discon- 
tinued in  determining  the  Stresses  in  Railroad  Bridges? 

"  In  view  of  present  knowledge  of  the  Effect  of  Repeated  Applications 
of  Load,  should  Fatigue  Formulas  be  used  in  Bridge  Design? 

(a)  Should  Stream  Contamination  by  the  Sewage  of  Cities  be  abso- 
lutely prohibited  by  law? 

(b)  Should  the  Purification  of  the  Sewage  of  Cities  be  compulsory, 
and  is  this  feasible  for  Large  Cities? 

'*  (c)  Is  Filtration  the  coming  solution  of  the  Pure-Water  Question  for 
Cities? 

4 'What  is  the  Proper  Friction  Coefficient  for  use  in  the  design  of 
Riveted  Steel  Pipe? 

"What  are  the  economic  conditions  under  which  Electricity  may  be 
profitably  substituted  for  Steam  in  the  operation  of  Branch  Rail- 
road Lines,  and  what  are  the  engineering  requirements  to  be  con- 
sidered in  such  substitution? 

"  What  is  the  present  development  of  the  so-called  Telferage  System 
for  moving  either  Freight  or  Passengers?  What  are  the  conditions 
under  which  that  System  is  preferable  to  movement  by  Rail,  and 
what  is  its  adaptability  to  still  further  application  in  competition 
with  Rail  Lines? 

"Height  of  Buildings. 

(1)  What  considerations  should  limit  the  height  of  buildings? 

(2)  Do  recent  developments  in  construction,  sanitation,  intercom- 

munication   and    economy    of   administration,   warrant    the 
removal  of  all  restrictions? 
"  Recent  Practice  in  Rails. 

The  progressive  increase  in  weight;  the  increase  in  hardness,  par- 
ticularly in  carbon;  the  sections  in  most  general  use;  the 
effect  of  changes  in  weight,  composition  and  section. 
"  Filtration  of  Water  for  Public  Use. 

The  several  processes  now  used  for  the  removal  of  objectionable 
matter;   their   comparative    sanitary    effect,    cost    and .  reli- 
ability. 
*  Do  the  interests  of  the  profession,  and  the  duty  of  its  members  to 
the  public,  require  that  only  those  who  are  competent  be  allowed 
to  practice  as  Civil  Engineers?    Under  what  authority,  through 
what  agency,  and  upon  what  evidence  of  competency,  should 
applicants  be  admitted  to  the  practice  of  Civil  Engineering? 
"  Steel-Concrete  Construction. 

What  stress  in  tension  and  compression  should  be  allowed  in  con- 
crete? 
What  is  the  proper  modulus  of  elasticity  of  concrete? 
In  Steel-Concrete  Arches: 
(1)  What  should  be  the  ratio  of  steel  section  to  concrete  section, 
section,  and  what  is  the  best  form  and  disposition  of  the 
the  former? 


Affirirs.]  ANNOUNCEMENTS.  79 

(2)  What  consideration  should  be  given  to  temperature  changes 

and  consequent  stresses? 

(3)  What  are  the  best  proportions  for  concrete,  and  what  is  the 
the  best  method  of  placing  it?  " 

44  The  Deoolorization  of  Water. 

When  is  it  necessary?    How  may  it  be  accomplished?  " 

*  'The  Consumption  of  Water  in  Municipal  Supplies  and  the  Restric- 
tion of  Waste." 

SEARCHES  IN  THE  LIBRARY. 

As  stated  in  the  Annual  Report,  the  Board  of  Direction  has  directed 
the  Secretary  to  make  a  charge  for  such  library  searches  and  corre- 
spondence as  do  not  fall  within  the  regular  duties  of  employees, 
which  shall  cover  the  actual  cost  of  any  extra  work  undertaken  for  an 
individual. 

The  only  difficulty  about  this  matter  seems  to  be  the  impossibility 
of  fixing  in  advance  the  scope  and  cost  of  any  such  search.  It  can 
only  be  said  in  general  that  the  time  of  an  employee  competent  to  do 
such  work  is  paid  for  by  the  Society  at  from  30  to  40  cents  per  hour, 
and  that  to  this  must  be  added  the  actual  cost  of  typewriting. 

Inasmuch  as  this  idea  was  adopted  experimentally,  in  the  belief 
that  it  would  prove  of  valne  to  non-resident  members,  and  as  it  is  not 
the  intention  to  realize  any  profit,  it  would  seem  that,  in  asking  that 
such  searches  be  made,  the  risk  is  not  great,  particularly  as  a  limit  of 
the  total  expense  to  be  incurred  might  easily  be  specified  by  the 
member. 
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DONATIONS.* 

(From  January  8th  to  February  11th,  1902.) 
THE  MECHANICS  OP  ENOINEBRINQ. 

Volume  I.     Kinematics,  Statics,  Kinetics,  Statics  of  Rigid  Bodies 

and  of  Elastic  Solids.     By  A.   Jay  Du  Bois.     Cloth,  11   X  8  ins., 

34  +  634  pp.,  illus.     New  York,  John  Wiley  &  Sons,  1902.     $7.50. 

This  work  is  presented  as  the  first  volume  of  a  series  dealing  with  the  applications  of 
mechanics  to  engineering  problems.  It  opens  with  a  presentation  of  the  fundamental 
principles  of  kinematics,  statics  and  kinetics;  then  follow  the  practical  applications. 
Throughout  th*  work  numerous  problems  and  illustrative  examples  are  given  in  direct 
connection  with  each  important  mechanical  principle.  In  these  applications  the  author 
has  included  the  results  of  his  own  work  in  this  direction,  and  he  believes  that  the  pro- 
fessional reader  will  find  here  new  and  valuable  discussions  of  engineering  problems, 
especially  in  the  chapters  on  Masonry  Walls  and  Dams,  the  Strength  of  Long  Columns, 
the  Swing  Bridge,  the  Metal  Arch,  the  Suspension  System  and  the  Stone  Arch.  There  is 
an  index  of  eight  pages. 

MUNICIPAL  ENaiNBERINO  AND  SANITATION. 

Bv  M.  N.  Baker.     J  Leather,  8x5  ins.,  8  +  317  pp.     New  York, 

The  Macmillan  Company,  1902.     $1.25. 

This  volume  is  intended  for  that  class  of  persons  who,  either  as  officials  or  as  citizens, 
are  striving  to  improve  municipal  conditions.  It  is  designed  to  be  a  review  of  the  whole 
field  of  municipal  engineering  and  sanitation  rather  than  an  exhaustive  study  of  one  or 
a  few  branches  of  the  subject.  The  most  vital  points,  however,  under  each  class  of 
activities  and  interests  have  been  dwelt  upon,  the  underlying  principles  stated,  and  in 
many  instances  details  from  actual  practice  given.  The  preface  states  that  while  it  is 
not  expected  that  engineers  and  sanitarians  will  find  in  the  book  much  relating  to  their 
specialties  that  is  new  to  them,  it  is  believed  that  the  number  and  variety  of  subjects 
treated,  and  the  comparative  newness  of  some  of  the  topics,  will  make  the  book  helpful 
even  to  prof essional  men.  The  Contents  are:  Introduction;  Ways  and  Means  of  Com- 
munication; Municipal  Supplies;  Collection  and  Disposal  of  Wastes;  Protection  of  Life, 
Health  and  Property;  Administration,  Finance  and  Public  Policy.  There  is  an  index  of 
six  pages. 

FOWLER'S  ELECTRICAL  BNOINEERS'  YEAR  BOOK 

And  Pocket  Directory  of  Light,   Power  and  Traction  Stations. 

1902.      Leather,  [6x4  ins.,  429   pp.,  illus.      Manchester,  Scientific 

Publishing  Company.     2  shillings,  9  pence. 

In  this  second  issue  of  the  electrical  handbook  the  scope  of  information  has  been 
considerably  enlarged.  The  directory  of  technical  information  respecting  the  equip- 
ment of  the  various  central  electric  light,  power  and  traction  stations  in  the  United 
Kingdom  has  been  thoroughly  revised  ana  brought  up  to  date,  in  nearly  every  case 
having  been  personally  checked  by  the  engineer  in  charge.  There  is  an  Index  of  twenty- 
four  pages. 

CROQUIS  DE  PONTS  M&TALLIQUES. 

Par  Jules  Gaudard.     Paper,  13  X  10  ins.,  158  pp.,  plates.     Paris, 

Ch.  B6ranger,  1901.     (Donated  by  the  Author.) 

The  Contents  are:  Ponts  en  M6tal  Moule;  Pouts  en  Fer  ou  Acier  Lamlne;  Levage  des 
Ponts  M6talliques;  Reception  et  Surveillance  des  Ponts.  Poids  des  Fers.  There  is  an 
index  of  four  pages. 

WASSERVERHALTNISSE  DER  SCHWEIZ. 

Bearbeitet  und  herausgegeben  von  der  hydrometrischen  Abteilung 

des  eidg.  Oberbauinspekt orates.     Paper,  14  x  10  ins.,  3  vols.,  plates. 

Berne,  1896-1901.     (Donated  by  Hydrometrische  Abteilung  des  eidg. 

Oberbauinspektorates  in  Berne. ) 

The  Contents  are:  Rheingebiet  von  den  Quellen  bis  zur  Tamlnamundung;  Erster 
Teil— Die  Fl&cheninhalte  der  Einzugsgebiete,  der  HOhenstufengebiete  von  800  zu  800  m. 

*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  to  the  Library  by 
the  Publisher. 
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fiber  Meer,  der  Felshange,  Winder,  Gletscher  und  See'n;  Zweiter  Tell.— Die  Pegel- 
statlonen  bJnsichtlich  ihrer  Anlage  und  Versicherung.  sowie  Darstellung  der  dazuge- 
htirenden  Durchflussproflle  und  Relatlven  Wagserspiegelgefalle;  Dritter  Tell.— Die 
Langenproflle  der  flieesenden  Gewasser  unter  specleller  Berucksicbtigung  der  auscre- 
nutzten  und  der  fur  neue  Wasserkraft-Anlagen  noch  veifllgbaren  St  reckon,  nebst 
typisohen  Querprofllen  und  den  HOhenvenicherungen;  A.  Vorder-Rhein  und  seine 
bedeutendereo  ZuflOsse.  Rhonegebiet  von  den  Quellen  bis  nun  Genfer-See;  Erster  Teil 
—Die  Fl&cheninhalte  der  Einzugsgebiete,  der  HonenBtuf engebiete  von  800  zu  800  m.  uber 
Meer,  der  Felshange,  Walder,  Gletscher  und  See'n;  Zweiter  Tell— Die  Pegelstationen 
hinalchtlich  lhrer  Anlage  und  Veraicherung,  sowie  Daratellung  der  dazugehtSrenden 
Durchflu88proflle  und  relatlven  Wasserspiegelgefalle. 

THE  TRANSITION  CURVE  OR  CURVE  OP  ADJUSTMENT. 

By  the  Method  of  Rectangular  Co-ordinates  and  by  Deflection 
Angles  (Polar  Co-ordinates).  Based  on  the  French  of  M.  Nordling, 
with  Additional  Problems  by  N.  B.  Kellogg,  M.  Am.  Soc.  C.  £.  Cloth, 
6J  X  4  ins.,  2  +  60  pp.     San  Francisco,  N.  B.  Kellogg,  1899. 


The  following  gifts  have  also  been  received: 


Am.  Inst,  of  Elec.  Engre.    1  bound  vol. 

Am.  Inst,  of  Mln.  Engre.    18  pam. 

Assoc,  of  Ry.  Supts.  of  Bridges  and  Build- 
ings.   1  pam. 

Brooklyn  Engrs.'  Club.    1  bound  vol. 

Budge.  Enrique.  90  bound  vol.,  15  vol.,  117 
pam. 

Chickamauga  Park  Comm.    1  atlas. 

Colo.  Agricultural  Ezper.  Station.    1  pam. 

Conn.  R.  R.  Commrs.    1  bound  vol. 

Corthell,  E.  L.    2  pam. 

Eckel.  Edwin  C.    I  pam. 

Oreennalge,  K  B.    2  bound  vol. 

Harrod,  B.  M.    4  bound  vol. 

Hutton,  N.  H.    1  pam. 

111.  Agricultural  Ezper.  Station.    4  pam. 

Inst,  of  Civ.  Engrs.    2  pam. 

Inst,  of  Marine  Engrs.    1  bound  vol. 

Iron  and  Steel  Inst.    1  bound  vol.,  1  pam. 

Jackson,  William.    57  pam. 

Kernot,  W.  C.    2  pam. 

Kummer,  F.  A.    1  bound  vol. 

Le  Baron,  J.  F.    1  map. 

McGill  Univ.    1  bound  vol. 

Madras  Pub.  Works  Dept.    8  pam. 

Mead,  El  wood.    1  bouna  vol. 

Middletown.  N.  T.  Water  Dept.    1  pam. 


N.  Y.  State  College  of  Forestry.    1  pam. 

Nichols,  Charles  B.    1  pam. 

Nicholson,  G.  B,     8  bound  vol.,  1  vol.,  18 

pam. 
Ockerson,  J.  A.    8  nam. 
Oesterreichischer  ingenleur-  und   Archi- 

tekten-Verein.    2  nos. 
Penn.  Univ.    1  vol. 
Piatt,  T.  C.    8  vol.,  1  pam.,  1  atlas. 
Rugg.  A.  P.    10  pam. 
Soc.  of  Arts.    1  pam. 
Soper,  George  A.    1  pam. 
South  Eastern  Ry.  Co.    2  pam. 
Thurston,  R.  H.    1  pam. 
Tomkins,  Calvin.    1  pam. 
U.  S.  Chief  of  Engrs.    7  pam. 
U.  S.  Geol.  Surv.    2  pam. 
U.  S.  Interstate  Commerce  Comm.    1  pam. 
U.  S.  Isthmian  Canal  Comm.    8  pam. 
U.  S.  Light  House  Board.    1  vol. 
U.  8.  Naval  Observatory.    5  pam. 
U.  S.  Ordnance  Office.    1  pam. 
U.  8.  War  Dept.    1  bound  vol. 
U.  S.  Weather  Bureau.    1  bound  vol. 
Vedeler,  G.  H.    2  nam. 
Western  Maryland  R.  R.  Co.    10  pam. 
Wilson  Brothers  &  Co.    1  pam. 


BY  PURCHASE. 

Electrical  Engineer's  Pocket-Book.  A  Hand -Book  of  Usefnl  Data 
for  Electricians  and  Electrical  Engineers.  By  Horatio  A.  Foster,  M. 
A.  I.  E.  E. ;  M.  A.  8.  M.  E.  New  York,  D.  Van  Nostrand  Company. 
London,  E.  &  F.  N.  Spon,  Ltd.,  1901. 

The  Mineral  Industry,  Its  Statistics,  Technology  and  Trade  in  the 
United  States  and  Other  Countries,  1893-1899.  Edited  by  Richard  P. 
Rothwell.  Vols.  2-8.  New  York  and  London,  The  Scientific  Pub- 
lishing Company,  1894-1900. 

Handbuch  der  Ingenieurwissenschaften.  Third  Edition,  Enlarged. 
2  vols.     Leipzig,  Wilhelm  Engelmann,  1901. 


Lehrbuch  der  Meteorologie.     Von  Dr.  Julius  Hann.     Leipzig,  Chr. 
Herm.  Tauchnitz,  1901. 
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The  Universal  Directory  of  Railway  Officials,  190L  Compiled 
from  Official  Sources  under  "the  Direction  of  SL  Bichardson  Bludstone. 
London,  The  Directory  Publishing  Company,  limited,  190L 

Centralblatt  der  Bauverwaltung  (to  complete  set).     44  nos. 

TrnnsBctions  of  the  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers  ito  complete  set;.     13  toL 


Scmmakt  or  Accessions. 
January  8th  to  February  Uth,  1902. 

Donations  (including  126  duplicates  and  2  numbers  completing 

Tolumes  of  periodicals) 355 

By  purchase  (including  44    numbers,  completing   volumes  of 

periodicals) 66 

Total 421 


Affairs.)  MEMBERSHIP — ADDITIONS.  88 


MEMBERSHIP. 


ADDITIONS. 


Date  of 
Membership. 

Abbott,  Abthub  Vaughan,     .  t  Jun.    Jon.       5,  1881 

Boom  209,  Electrical  Bid*.,  Cleveland,  Ohio j  M.        Dec.      4,  1901 

Budge,  Edwabd  Babnabd, 

Eng.  in  Chf.,  1st  Section,  Chili  State  Railways  (F.  C.  de 

E.),  Estacion  Bella  Vista,  Valparaiso,  Chili Nov.    6,  1901 

Chase,  Charles  Francis 

Chf.  Eng..  Berlin  Constr.  Co.,  241  West  Main  St.,  New 

Britain,  Conn Feb.     5,  1902 

Ellis,  Geoboe  Ezra, 

Signal  Eng.,  Standard  Signal  Co.,  Troy,  N.  Y Dec.     4,  1901 

HlLDENBRAND,  WrLHBXM 

1  Broadway,  New  York  City Feb.     5,  1902 

Kadono,  Chokubo, 

Eng.  and  Mgr.,  Okoro  &  Co.,  63  New  Broad  St.,  London, 

E.  C.,  England. Jan.     8,  1902 

Snow,  William  Pliny, 

335  Lexington  St.,  Auburndale,  Mass . '. Feb.    5,  1902 

associate  members. 
Branch,  Thomas  Pettus 

Jan.  Prof.,  Georgia  School  of  Technology,  Atlanta,  Ga. . .     Feb.     5,  1902 
Bubdkn,  James 

3  Locust  Ave.,  Troy,  N.  Y Feb.     5,  1902 

Cowpeb,  John  Whitfield, 

Eng.  and  Snpt.,  British  Westinghonse  Elec.  f 
A    Mfg.   Co.,   Ltd.,   Mersey  Tunnel    By.  J  Jun'  June  21»  1894 

Impvmts.,  Birkenhead,  England 1  Amo°-  M-    0ct •     *  1901 

Du  Bois.  Julian, 

Supt.,  Amsterdam  St.  B.  B.,  Amsterdam,  N.  Y Jan.     8,  1902 

Edwabds,  Fbedebioe,  r  Jnn  Jftn     31   im 

Instr.  in  Civ.  Eng.  and  Math.,  Union  College,  <  „     „  _  „ „ 

Schenectady,  N.  Y 8.;|a«k>c.M.    Feb.    6,1902 

Fat.  Edwabd  Batbd, 

1000  Fullerton  Bldg.,  St  Louis,  Mo Jan.     8,  1902 

Fltnn,  John,  Jr.. 

83Third  St.,  Troy,  N.  Y Jan.    8,  1902 

Habwood,  Geoboe  Alec, 

Chf.  Draftsman,  N.  Y.  C.  A  H.  B.  B.  B.,  Boom  521,  Grand 
Central  Station,  New  York  City Feb.    5,  1902 
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Hoot,  Frederic  de  Pbybter,  I Jnn  A    u  ^  1899 

(Chambers  A  Hone),  60  New  St,  New  York-(  M       „  .     *    ,«^o 

1  Cit  ;  ( Assoc.  M.'     Feb.  5,  1902 

McGelvbat,  Thomas  Forrester, 

209  First  Natl.  Bank  Bldg.,  Duluth,  Minn Feb.     5f  1902 

Newton,  Ralph  Eellb, 

P.O.Box  1098,  Milwaukee,  Wis Jan.     8,  19Q2 

Pollock,  Clarence  Du  Bom, 

Sen.  Asst.  Eng.,  Sewer  Div.,  N.  Y.  Rapid  Transit  R.  R. 

Comm.,  13  Astor  PI.,  New  York  City Jan.    8,  1902 

Reh>,  Homer  Austin, 

169*  Columbia  Heights,  Brooklyn,  N.  Y Dec.    4,  1901 

Sears,  Robert  Humphrey, 

Care,  Chf.  Eng.,   East  Indian  Railway  Office,  Calcutta, 

India , Dec.    4,  1901 

Smith,  William  Stuart, 

59  West  Main  St.,  Rochester,  N.  Y Jan.     8,  1902 

Stratzon,  George  Erer, 

U.  S.  Hydrographer,  Room  1014,  Barristers'  Hall,  Boston, 

Mass Jan.     8,1902 

Tilden,  Charles  Joseph,  C  Jnn  ^y  31f  1898 

Asst.  Eng.,  N.  Y.  Rapid  Transit  R.R.  Comm.,  -<  Aggoc  j£     Feb<    5,  !902 

1161  Amsterdam  Aye.,  New  York  City ' 

Trout,  Charles  Eltphalet,  I  Jm  Qot    3,    im 

Dept  of  Docks  and  Ferries,  Pier  A.  North  j  ^    ,  g    1902 

River,  New  York  City ( 

Weston,  Robert  Spurr, 

14  Beacon  8t.,  Boston,  Mass Feb.     5,  1902 

Wilson,  Percy  Hartshorns,  ( Jun  Jan#     2>  1900 

Secy,  and  Treas. ,  River  A  Harbor  Impvmt.  Co. ,  <  AaBQC  M     Feb     5    1902 
801  Drexel  Bldg.,  Philadelphia,  Pa ( 


associate. 

Bennett,  Leslie  J., 

Secy.,  Buffalo  Cement  Co.,  Ltd.,  110  Franklin  St.,  Buffalo, 
N.Y Jan.     7,  1902 


juniors. 
BuRWELL,  Robert  Lemmon, 

New  London,  N.  C Dec.    3,  1901 

Falk,  Myron  Samuel, 

Tutor,  Dept.  Civ.  Eng.,  Columbia  Univ.,  Res.  63  East 

74th  St,  New  York  City Feb.    4,  1902 

Hammer,  Robert  Henry, 

4  Dean  St.,  Brooklyn,  N.  Y Jan.     7,  1902 
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Harrington,  Harry  Garfield,  Membership. 

39  Pacific  St.,  Newark,  N.  J Jan.     7,  1902 

PlSTOB,  GXOBOB  EHIL  JOHN, 

618  Broad  St.,  Newark,  N.  J Dec.     3,  1901 

Potts,  Clyde, 

U.  S.  Engrs.'  Office,  33  Campau  Bldg.,  Detroit,  Mich Dec.     3,  1901 

Thompson,  Welford  Ashford, 

ABst.  Engr.,  Board  of  Public  Works,  106  S.  Conception 

St.,  Mobile,  Ala Oct.      1,  1901 

Underwood,  Howard  Warren, 

8LI  North  41st  St.,  Philadelphia,  Pa Dec.     3,  1901 

Whits,  Frank  George, 

316  West  116th  St.,  New  York  City Dec.    3.1901 

Whitson,  Abraham  Undebhtll, 

College  Point,  Long  Island,  N.  Y Jan.     7,  1902 

Wiloocx,  Frederick, 

Fiftieth  St. ,  near  9th  Ave. ,  Brooklyn,  N.  Y Jan.     7,  1902 

Winchester,  Philip  Harold, 

20  Winslow  St.,  Watertown,  N.  Y Jan.     7,  1902 


RESIGNATIONS. 

associate  member.  Date  of 

Resignation*. 

Stout,  Edmund  Coffin Feb.     4,  1902 

junior. 
Robinson,  Arthur  Wirt Feb.     4,  1902 

DEATHS. 

Lassio,  Moritz Elected  Member,  April  2d,  1884;    died 

Jan.  7th,  1902. 
Retnholdt,  Kenneth  Oaks  Plummeb..  Elected  Junior,  Feb.  6th,  1894,  Asso- 
ciate  Member,   October    7th,    1896; 
died  Feb.  6th,  1902. 

Russell,  Nathaniel  Edwards Elected    Member   Oct.  3d,   1888;    died 

Jon.  14th,  1902. 

Van  Slooten,  William Elected  Member,  Nov.   3d,  1897;  died 

Dec.  14th,  1901. 
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Journal.  Amoc  Eng.  Soc.  957  South 
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Oirard  &.  Philadelphia.  Pa. 
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School  of  Mine*  Quarterly.  Colombia 
Unir.,  New  York  City.  50c. 

Technology   Quarterly.   Mass.    Inst. 
Tech.,  Boston.  Mass..  75c. 

Steven*  Institute  Indicator.  Stevens 
Institute,  Hoboken.  N.  J..  30c. 

Engineering  Magazine*   New   York 
City.  30c. 

r<  Magazine,  New  York  City, 


Engineering  (London).  W.  H.  Wiley. 

New  York  City.  85c. 
The  Engineer  <  London  \.  International 

News  Co..  Sew  York  City.  85c. 
Engineering  Sew*.  New  York  City, 

lac 
The  Engineering  Record.  New  York 

City.  lac. 
Railroad  Gazette.  New  York  City, 

10C. 

Engineering  and    Mining  Journal* 

New  York  City.  15c. 
Street  Railway  Journal.  New  York 

City.  35c. 
Railway  and   Engineering   Review. 

Chicago.  11L 
Scientific  American  Supplement.  New 

York  City.  10c. 
In/n  Aoe.  Sew  York  City.  10c. 
Railway    Engineer.    London. 

land. 
iron  and  Coal  Trade*  Review. 

don.  England. 
Bulletin.  American  Iron  and 

a*9oc.  Philadelphia.  Pa. 
American    Go*  Light  Journal. 

^  ork  City.  lftc. 
American  Engineer.  New  York  City, 

Elertrical  Renew.  London.  England. 
Electrical  World  and  Engineer.  New 

York  City.  10c. 
Journal.  New  Eneland  Water- Works 

Assoc..  Boston.  75c. 
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Journal*  Society  of  Arts,  London, 
Emriand. 

^taaoJet   de*    Travaur  PubU 
Relgique.  Brussels.  Belgium. 

Annate*  deV  A**oc.  de*  Ing.  Sorti* 
de*  EeUe  Svedalesde  Gand.  Brus- 
sels, Belgium. 

Memoire*  et  Compte  Rendu  de*  Tra- 
vaur. Soc.  Inc.  Civ.  de  France, 
Paris,  rrance, 

Le  Genie  Civil.. Paris,  France. 

Portefeuille  Economique  de*  Ma- 
chine*. Paris,  France. 

SouveUe*  Annate*  de  la  Construc- 
tion. Pans.  France. 

La  Revue  Technique.  Paris.  France. 

Revue  de  Mecanique.  Paris,  France. 

Revue  Generate  de*  Chemin*  de  Fer 
et  de*  Tramway*.  Paris.  France. 

Railway  Master  Mechanic.  Chicago, 
III. 

Railway  Aoe.  Chicago,  lit,  10c. 

Modem  Machinery. Chicago.  DL.  10c. 

Transactions,  Am.  Inst.  Elec.  Eng., 
New  York  City,  50c. 

Annates  de*  Pont*  et  Chautweew, 
Paris.  France. 

Journal.  Military  Service  Institu- 
tion. Governor's  Island,  New  Yors 
Harbor.  75c. 

Mines  and  Mineral**  Scranton,  Pa., 
£0c 

Scientific  American.  New  York  City, 
10c. 

Mechanical  Engineer.  Manchester. 
England. 

Proceeding*.  Eng.  Soc  W.  Pa..  410 
Penn  Ave..  Pittsburg. Pa..  50c 

Transactions,  Mining  Institute  of 
Scotland.  London  and  Newcastle- 
upon-Tyne. 

Municipal  Engineering*  Indianap- 
olis, lnd..  25c 

Proceeding*.  Western  Railway  Club. 
225  Dearborn  St..  Chicago,  HL,  25c 

American  Manufacturer  and  Iron 
World.  59  Ninth  St.,  Pittsburg,  Pa. 

Minutes  of  Proceeding**  Inst.  C.  E., 
London,  England. 

Power.  New  York  City,  10c. 

Official  Proceeding*.  New  York  Bail- 
road  Club.  Brooklyn,  N.  Y.,  15c. 
(65)  Official  Proceeding*.  New  York  Rail- 
road Club,  Brooklyn,  N.  Y.,  15c 
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Bridge. 

Summer  Street  Viaduct,  South  Boston.*    Herman  K.  Higgins.    (i)  Dec. 
A  Three-Hinged  Concrete  Arch  Bridge  over  the  Danube  at  Ehlngen.*    (13)  Jan.  0. 
The  Condition  of  the  Brooklyn  Bridge.    (15)  Jan.  10. 

The  Railway  Bridge  over  the  Oodavarl  River  at  Rajahmundry,  on  the  Bast  Coast  Rail- 
way. India.*    (11)  Jan.  10. 
The  Erection  of  the  Portage  du  Fort  Bridge.*    (14)  Jan.  11. 
A  New  Scherzer  Rolling  Lift  Bridge  at  Cleveland.*    (19)  Jan.  17;  (18)  Jan.  18. 
Erection  of  Girder  Spans  on  the  west  Virginia  Short  Line  R.  R.*    ( 14)  Jan.  18. 
Arched  Viaduct  over  the  Seine,  Paris.    (11)  Jan.  81. 
An  Eventful  Bridge  History  \  Johnsonville,  Tenn.).    Hunter  M'Donald.    (15)  Feb.  7. 


Reinforcing  an  Undermined  Bridge  Pier.    ( 14 )  Feb.  8. 

Note  but  le  "  Pyrmont  Bridge/'  a  Sydney.*    Ad.  Ouillemin.    < 30) 

Le  nouveau  pont  de  Luxembourg.*    A.  Dutreux.    (33)  Jan.  18. 


Electrical. 

The  Induction  Motor  and  the  Rotary  Converter  and  Their  Relation  to  the  Transmission 

System.    Chas.  F.  Scott.    (4a)  Dec. 
The  Control  or  High  Potential  Systems  of  Large  Power  *    E.  W.  Rice,  Jr.    (4a)  Dec. 
Street  Illumination  and  Units  of  Light.*    W.  D'A.  Ryan.    (4a)  Dec. 
The  Incandescent  Lamp  of  To-day.    John  W.  Howell.    (4a)  Dec. 
A  Note  on  an  Acetylene-ln-Oxygen  Flame.*   Clayton  H.  Sharp.    (4a)  Dec. 
Electric  Gas  Lamps  and  Gas  Electrical  Resistance  Phenomena.    Peter  Cooper  Hewitt. 

(4a)  Dec. 
The  Central  Exchange  of  the  London  Post  Office  Telephones.*    (ao)  Serial  beginning 

Dec.  6,  ending  Jan.  8. 
Thr^e-Phase  Distribution  for  Power  and  Lighting.*   Sydney  Wood  field.    (a6)  Jan.  8. 
The  Waterside  Station  of  the  New  York  Edison  Company.*    (27)  Serial  beginning  Jan. 

4,  ending  Feb.  1. 
Aluminium:  Its  Properties  and  Use.    W.  Murray  Morrison.    (47)  Jan.  4. 
8parkles8  Commutation  with  Fixed  Brushes.*    Claude  W.  Hill,    (ao)  Jan.  10. 
Applications  and  Uses  of  Arc  Lamps.*    (a6)  Serial  beginning  Jan.  10,  ending  Jan.  17. 
Complete  Commercial  Test  of  Polyphase  Induction  Motors  Using  One  Wattmeter  and 

One  Voltmeter.*    A.  S.  McAllister.    (37)  Jan.  11. 
Methods  of  Eliminating  Corrections  for  the  Leads,  etc.,  in  Cable  Testing.*    H.  Savage. 

(a6)  Serial  beginning  Jan.  17,  ending  Jan.  24. 
The  Corbin  Process  and  Cell  for  the  Electrolytic  Production  of  Chlorates.*   John  B. 

C.  Kershaw.    (a6)  Jan.  17. 
The  Manufactures  of  Royce,  Limited.*    (a6)  Jan.  17. 
Some  Experiments  with  wireless  Telegraphy.*    (46)  Jan.  18. 
Large  Generators  for  Bolton.*    (a6)  Jan.  24. 
Dynamo-Testing  at  the  English  Electric  Manufacturing  Company's  Works,  Preston.* 

(ii>  Jan.  24. 
Electrical  Machinery  in  the  Power  Station  and  Substations  of  the  Manhattan  Ry.  Co.* 

(13)  Jan.  90. 
Electric  Appliances  in  Ship-Building  Yards.*  -  Sydney  F.  Walker,    (o)  Feb. 
The  Economy  of  Isolated  Electric  Plants.*    Isaac  D.  Parsons,    (9)  Feb. 
Dangers  from  Electric  Trolley  Wires  and  Other  Aerial  Conductors;  How  They  are 

Guarded  Against  in  Great  Britain.*    Andrew  Jamieson,  M.  Inst.  C.  E.    (10)  Feb. 
The  New  Central  Station  of  The  Citizens1  Light  and  Power  Co.,  Rochester,  N.  Y.*    (64) 

Feb. 
The  Mew  Power  Plant  of  the  Citizens1  Company  of  Rochester,  N.  Y.*    (37)  Feb.  1. 
The  Electric  Light  and  Power  Plant  of  the  New  United  States  Mint,  Philadelphia.* 

Clayton  W.  Pike.    (37)  Feb.  1. 
Electric  Equipment  of  Railway  Docks,  Middlesborough,  England  *    (37)  Feb.  1. 
The  Electric  Installation  of  the  Natural  Food  Factory  at  Niagara  Falls,  N.  Y.*    Arthur 

B.  Weeks.    (37)  Feb.  8. 
Omnibus  automobile  electrique  de  la  Compagnie  de  Traction  par  trolley  automoteur.* 

(34)  Jan. 

Marine. 

German  Cruiser  Konig  Wilhelm  Ersatz.*    da)  Dec.  27. 

A  New  Dry  Dock  at  Baltimore,  Md.*    (13)  Jan.  9. 

The  Japanese  Battleship  Mikasa*    (ia)  Jan.  10. 

New  Japanese  Cruisers  Niitaka  and  Tsushima,    (ia)  Jan.  24. 

Tubes  with  Sides  and  without,  in  Ship  Resistance;  An  Example  from  Lord  Kelvin.* 

Marston  Niles.    (10)  Feb.  1. 
Contribution  a  la  Recherche  de  rinsubmersibilit6  des  Grands  Navires  d'Acier.*    E. 

Duchesne.    (3a)  Nov. 
La  Perte  du  Contre-Torpilleur  Anglais  Cobra.    (33)  Dec.  28. 

Mechanical. 

English,  American  and  Continental  Steam  Engineering.*    Philip  Dawson.    (9)  Serial 

beginning  Nov.,  ending  Feb. 
The  Present  Status  of  the  Question  of  a  Standard  of  Light.    Clayton  H.  Sharp.    (4a) 

Dec. 

*  Illustrated. 
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Mechanical— (Continued) . 

Smoke  Abatement  in  St.  Louis.*   William  H.  Bryan,    (i)  Deo. 

The  Efficiency  of  Compound  Centrifugal  Pumps.*   F.  G.  Hesse.    ( i)  Dec. 

On  the  Speed  of  Machine-Shop  Tools.    J.  W.  E.  Littledale.    ( 1 1)  Dec.  97. 

English  and  French  Practice  m  the  Manufacture  of  Cast-Iron  Pipes.    Stephen  H.  Terry, 

M.  Inst.  C.  K.,  and  A.  O.  Cloake.    (47)  Dec.  98. 
Comparison  of  Cost  of  Operating  an  Iron  Smelting  Plant  by  Gas  Engines  Using  Waste 

Blast  Furnace  Gas,  and  by  Gas  Fired  Boilers  and  Steam  Engines.    William  M. 

Chatard,  Henry  J.  Botchford,  and  Emley  M.  Holoombe.    (8)  Jan. 
Machinery  at  the  St.  Louis  Exposition*    (4 1 )  Jan. 
Thermal  Emissivity  in  High-Pressure  Gases.*    (11)  Jan.  8. 
The  De  Laval  Steam  Turbine.*    (ao)  Jan.  9. 
Report  of  the  Committee  on  Standard  Pipe  Unions  of  the  American  Society  of  Mechani 

cal  Engineers.*    (ao)  Jan.  9. 
Bickford's  New  Radial  Drill.*    (6a)  Jan.  9. 
French  Spirit  Motors.    (11)  Jan.  10. 
A  Silent  Chain  Gear.*   J.  O.  Nixon.    (19)  Jan.  11. 

Gas  from  Oil:  Process  as  Conducted  on  the  Pacific  Coast.*    (34)  Jan.  18. 
A  New  Crank  Pin  Turning  Machine.*    (ao)  Jan.  16. 
Modern  Plants  for  the  Manufacture  of  Hoops  and  Merchant  Bars.*  Theo.  J.  Vollkommer. 

(ao)  Jan.  16. 
The  Design  and  Construction  of  Flywheels  for  Slow-Speed  Engines  for  Electric  Light- 
ing and  Traction  Purposes*   A.  Marshall  Downie.    (11)  Serial  beginning  Jan.  17, 

Anting  Jan.  94. 
Acetylene  for  Gas  Engines.    (1a)  Jan.  17. 
High-Speed  Steam  Engines.    John  Davidson.    (1a)  Serial  beginning  Jan.  8,  ending  Jan. 

17. 
Combustion  in  Gas  Producers  and  Benches.    Robert  W.  Prosser.    (34)  Serial  beginning 

Jan.  90,  ending  Jan.  97. 
A  New  Machine  for  Ore  Unloading.*    (ao)  Jan.  98. 
The  Sellers  28-Foot  Boring  and  Turning  Mill.*    (ao)  Jan.  98. 
The  Lindsay  Reversing  Gear  for  Rolling  Mills.*    (ao)  Jan.  98. 
Modern  Machine  Method*.*   H.  F.  L.  Orcutt.    (Paper  read  before  the  Institution  of 

Mechanical  Engineers.)    cm)  also  (1a)  Serial  beginning  Jan.  94,  ending  Jan.  81. 
A  Successful  Bag-Conveying  8ystem.*    ( 13 )  Jan.  80. 
Comparative  Tests  of  Coal  and  Crude  Oil  as  Fuel.*    ( 13)  Jan.  80. 
The  Bureau  of  Printing  and  Engraving.*    Waldon  Fawcett.    (6a)  Jan.  80. 
Hoisting  Machinery.*   Joseph  Horner.    (10)  Feb. 


American  Traction  Engine  Notes.*    Charles  O.  Heggem.    (10)  Feb. 

Fuel  Value  of  Texas  Oil.*   J.  E.  Denton.    (64)  Feb. 

Feed  Water  Heaters  In  Condensing  Plants.    C.  G.  Bobbins.    (64)  Feb. 


Lessons  from  the  Automobile  Endurance  Contest.    R.  H.  Thurston.    (10)  Feb.  1. 

Power  Plant  of  the  Booth  Cold  Storage  Warehouse,  Chicago.*    (14)  Feb.  1. 

Machine  Tools  in  Snip  Yards.*    Waldon  Fawoett.    (41)  Feb.  1. 

Steam  Turbines.*   F.  J.  Warburton.    (47)  Feb.  1. 

Tests  of  Beaumont  Oil  as  Fuel.*    (16)  Feb.  1. 

Gas  Distribution  at  Leeds,  England.*    (Abstract  from  the  Gob  World.)    (34)  Feb.  8. 

Gas  and  Gasoline  Engine  Ignition.    Albert  Stritmatter.    (6a)  Feb.  6. 

The  Cambria  Steel  Company's  New  Works.*    (ao)  Feb.  6. 

Natural  Gas  and  Other  Fuels— A  Comparison  *    (15)  Feb.  7. 

The  Bursting  of  Small  Cast-Iron  Fly-wheels.*    Charles  H.  Benjamin.    ( 10)  Feb.  6. 

Rope  Transmission  of  Power.    E.  C.  De  Wolf e.    (Extract  from  paper  read  before  Indiana 

Eng.  Soc.)    04)Keb.& 
Metallic  Joints  for  Steam,  Air  and  Water:  Also  Quick-Opening  Valve  Suitable  for  Gas 

Works,  etc.*  (»a)  Feb.  10. 
Concours  General  dee  Moteurs  et  Automobiles  a  Alcool.    M.  Ringelmann.    (3a)  Dec. 
Lee  Progres  de  la  Navigation  Aerlenne  et  lee  Experiences  de  M.  Santos-Dumont.    M. 

Armengaud,  Jeune.    (3a)  Dec, 
Machine  Compound  demi-flxe,  a  vapeur  surchauff ee,  systeme.    R.  Wolf.    (34)  Jan. 

Metallurgical. 

Crucible  Steel:  Its  Manufacture  and  Treatment.    David  Flather.    (aa)  Serial  beginning 

Dec.  90,  ending  Dec.  27. 
Concentration  Practice  in  Southeast  Missouri.*    R.  B.  Brinsmade.    (45)  Jan. 
The  Microscopical  Examination  of  the  Alloys  of  Copper  and  Tin.*    William  Campbell. 

(11)  Serial  beginning  Jan.  8,  ending  Jan.  17. 
A  Modern  Foundry;  a  Good  Example  of  Design  and  Equipment.*    Albert  L.  Rohrer. 

(10)  Feb. 
Lead  Smelting  In  Southeast  Missouri*    R.  B.  Brinsmade.    (45)  Feb. 

Military. 

Repairing  Worn-Out  Guns  on  Service.*   Colonel  R.  Bannatine-Allason.    ( 1a)  Jan.  10. 

Mining. 

Mining  Operations  in  Atlin,  B.  C:  A  Description  of  Some  of  the  Placers  and  Hydraulic 
Plants  which  are  being  Installed.*  R.  Lind  Watson.  (45)  Serial  beginning  Dec., 
ending  Jan. 

*  Illustrated. 
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Mining— (Continued) . 

Electric  Mine  Haulage.*    W.  B.  Clarke.    Us)  Jan. 

Western  Australia's  Mining  Industries.*   H.  L.  Geissel.    (16)  Jan.  4. 

The  Elsenbels  Pick  Mining  Machine,    (aa)  Jan.  10. 

A  Mine-Pumping  Plant  with  Electrically-Driven  Centrifugal  Pumps.*    (13)  Jan.  88. 

Opportunities  for  Improvement  in  Mica  Mining.    George  w.  Colles.    (p)  Feb. 

New  Plant  at  Shaft  No.  5  of  the  Spring  Valley  Coal  Co.,  at  Spring  Valley,  111.*  A.  Dins- 
moor.    (43)  Feb. 

Mechanical  Engineering,  as  Applied  to  Coal  Mines',  and  Its  Relation  to  the  Economical 
and  Successful  Operation  or  the  Same.*  Wm.  Glyde  Wilkins.  (Paper  read  before 
Western  Penn.  Central  MJn.  Inst.)    (45)  Feb. 

White  Horse  Mining  District,  Yukon  Territory.*    William  M.  Brewer.    (16)  Feb.  1. 

The  Mining  District  of  Guanajuato,  Mexico.*    (16)  Feb.  8. 

Miscellaneous. 

Engineering  and  Industrial  Enterprises  at  Sault  Ste.  Marie.*    (13)  Jan.  9. 

Municipal. 

Making  Roads  by  Machinery.*    Waldon  Fawcett.    (46)  Jan.  11. 
The  State  Roads  of  Massachusetts.    Albert  8.  Merrill.    ( 14)  Jan.  11. 
Bituminous  Macadam  Pavement.    ( 1 4 )  Jan.  26 . 

Proposed  Changes  in  the  New  York  Asphalt  Paving  Specifications.    ( 13)  Feb.  6. 
Criticisms  of  the  New  York  Asphalt  Pavement  Specifications.    A.  W.  Dow.    (13)  Feb.  6. 
Some  Economic  Features  in  Municipal  Engineering.    C.  S.  Burns,  Assoc.  M.  Am.  80c  C. 
E.    (14)  Feb.  8. 

Railroad. 

Locomotive  Rating— Adjusted  Tonnage  Method.*    D.  F.  Crawford.    (61)  Dec.  17. 
The  Trans- Australian  Railway  Scheme.    Stafford  Ransome,  M.  Inst.  C.  E.    (1a)  Dec.  27. 
The  '•  Reid  "  10-Coupled  Tank  Engines:  Natal  Government  Railways.*    (31)  Jan. 
The  Building  of  a  Modern  Locomotive.*    (19)  Serial  beginning  Jan.  4,  ending  Jan.  11. 
Bogie  Express  Passenger  Engine  for  the  South  Eastern  and  Chatham  Railway.*    (47) 

Jan.  4. 
Wide  Firebox  Atlantic  Type  Locomotive.*    (40)  Jan.  10. 
Central  of  Georgia  Box  Cars.*    (40)    Jan.  10. 
The  Proper  Utilization  of  Moti ve  Power.    ( 1 5)  Jan.  10. 
Lignite-Burning  Consolidation  Locomotive— Bismarck,  Washburn  &  Great  Falls.*    (15) 

Jan.  10. 
Four-Cylinder  Tandem  Compound  Decapod  Locomotive— Largest  Engine  Yet  Built* 

(18)  Jan.  11. 
A  New  Method  of  Building  Embankments.*    (13)  Jan.  16. 
Interlocking  and  Signal  Work  on  the  Union  Pacific.*    (40)  Jan.  17. 
The  Investigation  of  the  Park  Avenue  Tunnel  Disaster.    (13)  Jan.  28. 
8ix-Couplea  Express  Locomotive.  Eastern  Railway  of  France.*    0  a)  Jan.  84. 
The  New  York  Central  Accident— Electricity— Protection  by  Signals.*    S.  S.  Neff.    (15) 

Jan.  24. 
Some  Factors  Affecting  the  Power  of  Locomotives.*    (15)  Jan.  34. 
Oil  Burning  Locomotives  on  the  Southern  Pacific*    ( 15 )  Jan.  24. 
Passenger  Mogul  for  the  New  York,  Ontario  and  Western.*    (40)  Jan.  24. 
Comments  on  the  Electrical  Equipment  of  the  New  York  Central  Tunnel.    (17)  Jan.  26. 
Proposed  Solution  of  the  New  York  Central  Terminal  Problem.*    (a6)  Jan.  26. 
The  Langen  Suspended  Railway  of   Barmen- Voh win kel-Elberf eld.*    Prof.  Dolesalek. 

(46)  Jan.  25. 
Investigation  of  the  Park  Ave.  Tunnel  Collision.    (13)  Jan.  80. 
Flexibility  in  Car  Coupling  Attachments.*    ( 13)  Jan.  80. 
New  York  Central  Underground  Passenger  Loop.*    (40)  Jan.  81. 
Tandem  Compound  Decapod  for  the  Santa  Fe.*    (40)  Jan.  81. 
New  Construction  of  Steel  Center  Sills  and  Bolsters;  Chicago,  Milwaukee  and  8t.  Paul 

Railway.*    (a$)  Feb. 
The  Nilgiri  Mountain  Railway;  the  First  Abt  Rack  Railway  in  India.*    Walter  James 

Weightman,  M.  Inst.  C.  E.    fio)  Feb. 
Decapod  Tandem  Compound  Locomotive;   Atchison,  Topeka  and  Santa  Fe  Railway.* 

(a«)  Feb. 
Box  Car,  80  000  Pounds  Capacity;  Chesapeake  and  Ohio  Railway*    (as)  Feb. 
New  Locomotive  Shops;  Central  Railroad  of  New  Jersey,  at  Efixabethport,  N.  J.*    (as) 

Feb. 
Compound  Consolidation  Passenger  Locomotive;  Colorado  Midland  Railway,    (as)  Feb. 
Chautauqua  Type  Locomotive,  Central  Railroad  of  New  Jersey.*    (39)  Feb. 
Track  Elevation  on  the  New  York,  New  Haven  and  Hartford  R.  R.  at  Boston,  Mass.* 

(18)  Feb.  1. 
Construction  Work  on  the  Aurora,  Elgin  and  Chicago  Railway.*    ( 17)  Feb.  1. 
Steam  Motor  Cars  for  Railway  Service.*    ( 13)  Feb.  6. 
A  New  Device  for  Displaying  Train  Order  Signals.*    (40)  Feb.  7. 
Concrete  Structures  for  Railways.    W.  A.  Rogers,  M.  Am.  Soc.  C.  E.    (Abstract  of  paper 

presented  to  the  111.  80c.  of  Engrs.  and  Surveyors.)    (14)  Feb.  8. 
High-Speed  German  Railway  at  Zossen.*    Frank  C.  Perkins.    (46)  Feb.  & 
The  Proper  Utilization  of  Motive  Power.*    (18)  Feb.  8. 

*  Illustrated. 
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Railroad— (Contlnaed) . 

Train  Order  Locking  Device  on  Block  Signals.*    (18)  Feb.  8. 

00  000-Iba.  Capacity  Stock  Car,  Illinois  Central  R.  R.*    ( 18)  Feb.  8. 

Lea  Chemlns  de  Far  am  Indes  Neerlanrtainon  (Java  et  Sumatra).  Augusta  Moreau.    (ja) 

Dec. 
La  Construction  des  Locomotives  aux  fttats-Unis.*    (36)  Dec.  96.  _ 

Le  Chemln  de  Far  Suspendu  de  Barmen-KIberfeid-Vonwinkel  (ABemagne).*   (33)  D*e- 

88. 
Controle  8leotro-pneiimatiqae  de  chemms  de  fer,  systeme  Weetinghouse  *    (36)  Jan.  10. 
Nouveftes  Formules  de  la  Icesistance  des  Trains.    (33)  Jan.  11. 
Prolongement  de  la  ligne  d'Orleans  dans  Paris;  gare  du  qua!  d'Orsay .•    A.  Duma*.    (33 ) 

Jan.  96. 

Railroad,  Street. 

Portsmouth  Electric  Tramways.*    (a6)  Jan.  10. 

Methods  of  Safety  for  the  Overhead  Trolley  System.*    Edward  Manville.    (47)  Jan.  11. 

The  Manhattan  Elevated  Railroad.*    (17)  Jan.  11 

Progress  on  the  East  Boston  Subway  and  Tunnel*    (18)  Jan.  11. 

The  Power  Station  of  the  Salford  Municipal  Tramways.*    (14)  Jan.  11. 

Opening  the  Power  Station  of  the  Manhattan  Elevated  Railway.*    (46)  Jan.  1 1 . 

Work  on  the  East  Boston  Tunnel.    (14)  Jan.  11.  .      . 

The  Electric  Equipment  of  the  Manhattan  Elevated.*  (13)  Jan.  17;  (37)  Serial  begin- 
ning Jan.  11,  ending  Jan.  86.  . 

Methods  of  Work  on  the  East  Boston  Tunnel  Extension  of  the  Boston  Subway.*  (13) 
Jan.  88. 

Brighton  Corporation  Electric  Tramways .*    (36)  Jan.  94. 

Current  Practice  In  Electric  Railway  Construction  and  Operation.*    (13)  Jan.  90. 

Electric  Machinery  in  the  Power  Station  and  Substations  of  the  Manhattan  Ry.  Co.* 
(14)  Jan.  80. 

The  Effect  of  a  8urfaoe  Explosion  of  Dynamite.*    (14)  Feb.  1. 

Mining  Methods  in  the  New  York  Subway.*    D.  H.  Newland.    (16)  Feb.  1. 

Electric  Car  Equipments  and  Their  Maintenance.    A.  W.  WIgram.    (47)  Feb.  1. 

New  Power  Station  of  the  Manhattan  Railway  Company.*    (17)  Feb.  1. 

The  Salford  Corporation  Tramways.*    (17)  Feb.  1 . 

The  Hartford  &  Springfield  Street  Railway  *    (17)  Feb.  1. 

Construction  of  the  New  Car  House  of  the  Chicago  City  Railway.*    (17)  Feb.  8. 

Traction  Electrlque  des  Tramways,  Systeme  Barbillon  et  Grimach,  par  Distributeur 
Automobile  a  Echappement.*    J.  Reyval.    (36)  Dec.  96. 

Le  Chemin  de  Fer  Electrlque  a  Voie  Normale  de  Berthoud  a  Thoune  (Suisse).*  (33) 
Jan.  11. 

Sanitary. 

Experts1  Report  on  Sewage  Disposal  for  the  Lower  Passaic  Valley.    (13)  Jan.  9. 
Ventilation  of  a  Telephone  Exchange.*    (14)  Jul  11. 

Experimental  Septic  Tanks  at  Ithaca,  N.Y>    (14)  Jan.  11.  .     „„„ 

Lighting,  Heating  and  Ventilation  in  the  Nassau  County  Court  House,  Mineola,  N.  Y.* 


(14)  Jan.  18.  .       M 

Garbage  Collection,  Removal,  and  Final  Disposal  at  Milwaukee,  Wis.*    (13)  Jan.  88. 
The  Sewerage  and  Sewage  Disposal  of  Burton-upon-Trent.    Jonah  Walker  Smith.    (14) 

Jan.  96. 
The  Purification  of  Sewage  by  Septic  Tanks  and  Various  Supplemental  Processes.    W. 

S.  Shields.    (Abstract  of  paper  read  before  the  111.  Soc.  of  Engrs.  and  Surveyors.) 

(13)  Jan.  80;  (14)  Feb.  8.  _ 

Concrete  Sewer  Construction  at  Coldwater,  Mich.*    Harry  V.  Gilford,  Jun.  Am.  Soc. 

C.  E.    (Abstract  of  paper  read  before  the  Mich.  Eng-  Soc.)    ( 13)  Jan.  *>. 
Plumbing  in  the  Hotel  Wellington,  New  York.*    (14)  Feb.  1. 

Structural. 

The  Inspection  and  Testing  of  Cements.    Richard  L.  Humphrey.    (3)  Serial  beginning 

Dec.,  ending  Feb.  ,      _ 

Some  Features  of  the  Design  and  Construction  of  High  Buildings  *   William  Copeland 

Furber.    (a)  Jan. 
Standardisation  of  Tests  for  Iron  and  Steel.    W.  H.  Farnell.    (47)  Serial  beginning  Jan. 

4.  ending  Jan.  11. 

Shocks  in  Pile  Driving.    D.  B.  Dixon     (6a)  Jan.  9.  

Some  Comparisons  of  Standard  Specifications  for  Testing  Portland  Cement.    E.  Duryea. 

(13)  Jan.  9 
Structural  Features  of  the  Frick  Building,  Pittsburg.*    (14)  Jan.  11. 
The  Steel  Framing  of  the  General  Electric  Foundry,  Schenectady.*    ( 14)  Jan* 18- 
The  Foundation  of  the  Port  Richmond  Grain  Elevator .*    (14)  Jan.  18. 
Slag  Cement  Manufacture  in  Alabama.    Edwin  C.  Eckel,  Assoc.  Am.  Soc.  C.  E.     (13) 

Jan.  98. 
Tests  and  Constitution  of  Portland  Cement.    A.  D.  Elbers     (62)  Jan.  80. 
A  Modem  Foundry;  a  Good  Example  of  Design  and  Equipment*    Albert  L.  Rohrer. 

(10)  Feb. 
Practical  Applications  of  Reinforced  Concrete.*   Jacques  Boyer.    (9)  Feb. 

*  Illustrated. 
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Structural-  (Continued). 

Structural  Steel  Details  of  a  Two-Story  Boiler  House.*    (14)  Feb.  1. 

8teelwork  in  the  Prudential  BuUding,  Newark.*    (14)  Feb.  1. 

The  Cambria  Steel  Company's  New  works.*    (ao)  Feb.  6. 

Notes  sur  le  Troiaieme  Congres  de  r Association  Internationale  pour  l'Essai  des  Mate- 

riaux  de  Construction,  tenu  a  Budapest,  du  9  au  14  8eptembre,  1901.    (3a)  Not. 
Note  Relative  aux  Assemblages  par  Rivets  dans  les  Pieces  Flechies.    E.  Cuvelier.    (30) 

Dec. 

Water  Supply. 

Chief  Engineer  Hill's  Report  on  Proposed  Changes  in  the  New  Croton  Dam  and  Jerome 
Park  Reservoir.*    (13)  Jan.  16. 

A  Special  Report  on  Changes  in  the  Jerome  Park  Reservoir.    ( 13)  Jan  16. 

The  Largest  water  Softening  Plant  in  the  World.*    (as)  Jan.  17. 

The  Pittsburg  Water  Purification  Works.*    (14)  Jan.  85. 

Contamination  of  the  Water  Supply  of  the  City  of  Hamilton,  Ohio.*  John  Lorens.  (60 ) 
Feb. 

Remarks  on  the  Recent  Failures  of  Masonry  Dams  in  the  South.*  B.  H.  Hardaway. 
(i3£  Feb.  6. 

Water  Cost  and  Water  Waste.*  A.  L.  Holmes.  (Abstract  of  a  paper  read  before  the 
Mich.  Eng.  Soc.)    (13)  Feb.  6. 

Further  Reports  on  the  Jerome  Park  Reservoir.    (13)  Feb.  6. 

The  Shawinigan  Falls  Electrical  Development.*    (37)  Feb.  8. 

An  Unusual  Method  of  Constructing  Condensing  Water  Tunnels.*    (14)  Feb.  8. 

Les  Filtres  a  Sable  de  la  Distribution  d'  Eau  <F  Albany  (Etats-Unis)>  (33)  Serial  be- 
ginning Dec.  88,  ending  Jan.  4. 

Waterways. 

Harbor  Lighterage  and  Transportation.    H.  L.  Joyce.    (6s)  Dec. 

Recent  Improvements  Effected  in  the  Navigable  Condition  of  the  Sulina  Branch  and 

Outlet  of  the  Danube.    C.  M.  Ktthl.    (11)  Dec.  87. 
Electric  Ship's  Lift  at  Henrichenburg  (Dortmund-Ems  Canal).*    da)  Jan.  8. 
The  St.  Francis  Levee  Districts  of  Arkansas  and  Missouri.*    Harry  N.  Pharr.    (13) 

Jan.  9. 
Zeebrugge  Harbour  Works.*    J.  Nyssens  Hart  and  L.  Van  Oansberghe.    (11)  Jan.  10. 
A  Comparison  of  the  Panama  and  Nicaragua  Canal  Routes.    (46)  Jan.  18. 
The  Isthmian  Canal  Commirislon's  Explanation  of  Its  Choice  of  Dimensions  for  the 

Isthmian  Canal.*    (14)    Jan.  18. 
Isthmian  Canal  Controversy.*    (19)  Jan.  18. 

Work  of  the  Isthmian  Canal  Engineers.    Frederick  Moore.    (46)  Feb.  1. 
Supplementary  Report  of  Panama  Canal  Commission  in  Favor  of  Panama.    ( 10)  Feb,  1. 
The  isthmian  Canal.    (15)  Feb.  7. 
Interstate  Riparian  Water  Rights.    (14)  Feb.  8. 
La  Derivation  de  la  Meuse  vers  le  Hollandschdiep;  Rapport  de  Mission.*    F.  Zanen  et  J. 

M61otte.    (30)  Dec.;  (31)  Vol.  xxiv,  Pt.  4. 
Les  Nouveaux  Ports  du  Haut-Rhln.    J.  Cartuyvels.    (30)  Dec. 
La  Correction  du  Rhin  8up6rieure.    J.  Cartuyvels.    (30)  Dec. 
Panama  ou  Nicaragua.    (36)  Dec.  86. 
Drague  Marine  Porteuse  a  Suocion  et  a  Ref  ouiement  des  Etablissements  L.  Smit  et  Zoon.* 

(33)  Jan.  4. 


*  Illustrated. 
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Acme  Summit,  at  the  base  of  ML  Shasta,  are  important  entrances 
into  the  great  valley.  The  Sacramento  and  San  Joaquin  Rivers,  and 
their  tributaries,  water  and  drain  the  valley;  their  combined  water- 
sheds  embrace  an  area  of  58  100  sq.  miles,  situated  principally  upon 
the  western  slope  of  the  Sierra  Nevada  and  the  eastern  slope  of  the 
Coast  Range.  The  edges  of  this  water-shed  are  the  crests  of  the  two 
ranges  of  mountains,  except  an  area  extending  into  Oregon  in  the 
drainage  basin  of  Goose  Lake,  which  lake  when  f  nil  drains  into  Pitt 
River,  one  of  the  main  tributaries  of  the  Sacramento.  The  eastern 
crest  rises  from  6  800  to  15  000  ft.,  and  the  western  crest  rises  from  a 
single  tide-level  gap  at  Carqninez  Straits  to  elevations  of  900  to 
9  000  ft.  The  gaps  in  these  mountain  ranges,  and  the  ridge  and 
▼alley  lines  subdividing  and  lying  between  them,  constitute  con- 
trolling features  in  the  development  of  a  road  system. 


In  variety  of  climate,  the  area  under  consideration  presents  a  wider 
range  than  do  both  the  comparative  areas  just  described.  Besides  the 
climatic  variations,  due  to  difference  of  latitude  or  distance  from  the 
sea,  California  presents  a  wide  range  of  temperature,  due  to  differences 
in  elevation.  These  differences  extend  from  the  arctic  temperatures 
of  15  000  ft.  above,  to  the  semi-torrid  climate  of  areas  400  ft.  below,  sea 
leveL  Between  these  extremes  every  grade  of  temperature  and 
exposure  exists.  In  the  hotter  portions,  fruits  and  vegetables  grow 
without  intermission  during  the  entire  year;  while  upon  the  colder 
heights  frosts  form  in  midsummer,  and  only  the  hardiest  boreal  plant 
life  exists.  Severe  frosts  and  freezing  are  limited  to  the  most  elevated 
parts  of  the  state.  In  the  greater  portion  of  the  higher  mountains 
snow  falls  before  severe  freezing  weather  occurs,  and  remains  until  the 
warm  weather  of  spring,  thus  protecting  from  frost  action  the  road- 
beds in  these  regions;  and  hence  no  great  precautions  are  necessary  to 
resist  its  injurious  action  upon  roads.  4 

Rainfall. 

California  occupies  a  position  between  the  north  temperate  and 
the  equatorial  rain  belts.  The  northern  part  of  the  state  is  just  within 
reach  of  the  summer  rains  of  the  north  temperature  rain  belt;  and  the 
mountains  of  the  extreme  southern  part  of  the  state  are  frequently 
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reached  by  the  "  Sonora  rains,"  which  extend  in  summer  over  North- 
ern Mexico  and  into  Arizona,  and  which  originate  in  the  equatorial 
rain  belt.  The  winter  rains  of  the  entire  state  are  principally  depend- 
ent npon  the  southern  extension  of  the  north  temperate  rain  belt  as 
that  hemisphere  is  turned  away  from  solar  energy.  Therefore  the  state 
has  winter  rains,  and  enjoys  a  comparatively  rainless  summer. 

The  mean  annual  precipitation  in  the  northwestern  part  of  the  state 
and  npon  the  exposed  flanks  of  the  Sierras  and  Coast  Range  is  70  to 
80  ins. ;  while  in  the  southeastern  portion  of  the  state  there  are  com- 
paratively rainless  areas,  receiving  from  2  to  4  ins.  annually.  Between 
these  two  extremes,  again,  there  lies  every  degree  of  annual  moisture. 
This  precipitation,  however,  is  rarely  so  heavy  that  a  properly  located, 
well-surfaced,  and  well-drained  roadbed  will  be  badly  washed. 

Vegetation. 

The  distribution  and  variety  of  vegetation  over  an  area  of  such 
extreme  range  of  climatic  and  moisture  conditions  are  also  of  wide 
range,  both  in  species  and  density.  The  forest  growth  is  sometimes  so 
dense  that  over  1  000  000  ft.  of  lumber  can  be  cut  from  a  single  acre, 
but  in  the  drier  portions  of  the  state  it  is  difficult  or  impossible  to  get 
shade  trees  to  grow,  and  other  areas  are  absolutely  devoid  of  vegeta- 
tion. In  the  densely  timbered  areas  clearing  and  grubbing  are  expen- 
sive, and  the  shading  of  the  roadway  causes  it  to.  remain  wet  longer 
than  is  desirable. 

Natural  Resources. 

Besides  these  physical  features  which  have  to  be  considered,  there 
are  four  belts  of  natural  resources  which  have  controlled  the  time, 
locus,  and  mode  of  development  of  certain  industries.  These  directly 
influence  a  road  system,  and  determine  controlling  points  of  popula- 
tion and  trade. 

In  progression  eastwardly,  and  in  order  of  development,  these  are 

First. — The  mineral  belt,  commencing  in  Del  Norte  County,  and 
reaching  southeast wardly  through  the  entire  limits  of  the  state; 

Second. — The  agricultural  belt  of  16  000  sq.  miles  of  fertile  land,  in 
the  Valley  of  California; 

Third.  — The  timber  belt,  commencing  in  the  northwesterly  corner 
of  the  state,  and  extending  southeastwardly  to  the  Golden  Gate; 
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Fourth. — The  fruit  belt,  commencing  at  the  base  of  Mt.  St.  Helena, 
and  extending  southerly  to  the  national  boundary. 

Each  of  these  belts  is  interspersed  with  sources  of  wealth  other 
than  those  which  characterize  it;  as,  for  instance,  the  Sierra  timber 
belt  which  lies  east  of  and  along  the  mineral  deposits  on  the  flanks  of 
the  Sierras,  and  the  foot-hill  fruit  belt  at  their  base.  The  foregoing 
classification,  however,  marks  the  predominant  natural  wealth  of  each 
of  the  various  sections. 

At  advantageous  points  along  each  of  these  belts,  centers  of  popu- 
lation are  growing  up.  The  problem  of  laying  out  the  lines  of  com- 
munication which  must  for  all  time  control  the  travel  and  traffic  of  the 
state,  therefore,  must  be  subservient  to  two  great  controlling  factors : 
First,  these  roads  must  lie  along  those  lines,  determined  by  Nature, 
which  offer  the  best  grades  and  alignments;  second,  they  must  subserve 
the  economic  purposes  demanded  in  the  development  of  the  state. 

Occurrence  of  Road-Building  Materials. 

The  Department  of  Highways  extended  the  work  of  investigating 
the  various  materials  suitable  for  road  surfacing,  and  these  investiga- 
tions showed  that  there  is  an  abundance  of  materials  over  the  entire 
state  which  can  be  utilized  with  great  benefit  to  economic  road  main- 
tenance. In  almost  every  county  adequate  materials  exist,  which,  if 
utilized  with  skill  and  judgment,  will  make  good  metal.  The  failures 
to  utilize  these  materials  have  been  due  in  part  to  a  lack  of  knowledge 
as  to  their  character,  and  of  technical  skill  as  to  the  mode  of  using  them. 

All  hard,  silicious  rocks,  such  as  chert,  jasper,  quartz,  quart zite, 
etc.,  the  volcanic  rocks  (trap  and  basalt),  and  a  wide  series  of  meta- 
morphic  rocks  occur  abundantly.  In  addition,  bowlders,  cobbles  and 
gravel  of  miscellaneous  composition,  but  exceedingly  hard  and  dura- 
ble, are  scattered  over  great  areas.  Hard  limestone  and  some  of  the 
silicious  shales  occur  in  many  counties.  Occurring  with  these  rocks 
are  others  which  are  inferior  or  useless  for  road-surfacing.  Many 
instances  of  failure  in  the  use  of  rock  have  been  due  to  the  selection 
of  the  wrong  material.  Again,  the  proper  selection  has  been  made, 
but  the  materials  have  not  been  properly  utilized.  The  best  rock 
roughly  cracked  up  and  dumped  over  a  road  will  no  more  make  a  road 
surface  than  shingles  dumped  on  a  shed  and  scattered  with  a  rake  will 
make  a  roof. 
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The  best  rock  most  be  selected,  properly  crushed  and  screened, 
and  then  spread,  sprinkled,  and  rolled  in  layers  over  a  well-graded 
and  drained  surface.  In  one  county,  an  excellent  binding  material, 
a  soft  limestone,  was  found.  It  was  being  hauled  a  considerable 
distance,  and  used  almost  alongside  of  the  hardest  and  most  durable 
chert,  with  which  a  small  proportion  of  the  limestone  should  have 
been  used  as  a  binding  or  cementing  material.  This  would  have 
given  a  better  and  more  durable  road  surface  and  saved  the  long  haul 
from  the  limestone  quarry  of  nine-tenths  of  the  stone  used. 

Legal  Cohstdkractons. 

In  addition  to  the  physical  conditions,  there  are  others  imposed 
by  the  administration  of  the  law  in  the  various  political  divisions  of 
the  state.  The  state  is  divided  into  fifty-seven  counties,  which  range 
in  area  from  the  20  000  sq.  miles  of  San  Bernardino  County  to  the 
43  sq.  miles  of  San  Francisco  County;  and  in  taxable  wealth  from  the 
$400  000  000  of  this  latter  county  to  the  $260  000  of  Alpine  County. 
Furthermore,  these  counties  are  divided  by  law  into  fifty- three 
"  classes,'*  in  each  of  which  material  variations  are  presented  in  the 
number,  compensation  and  duties  of  county  officers. 

The  entire  matter  of  road -building  and  maintenance  has  been  in 
the  hands  of  the  Boards  of  Supervisors  of  these  counties,  or  in  the 
charge  of  Road  Overseers,  elected  in  the  road  districts  into  which 
the  counties  were  subdivided.  The  abuses  incident  to  the  latter 
control  were  so  great  that  the  roads  were  placed  under  the  control 
of  the  Boards  of  Supervisors,  each  member  being  made  Road  Commis- 
sioner of  his  district.  The  control  of  road  funds  under  Road  Over- 
seers became  so  vital  a  matter  in  local  politics  that  at  elections  the 
votes  for  Presidential  Elector  were  sometimes  "  swapped  "  for  those 
for  Road  Overseer. 

The  laws  under  which  the  county  officers  administer  road  affairs 
have  been  so  modified,  amended  and  added  to,  in  the  past  forty  or 
more  years,  that  they  are  contradictory  and  inapplicable.  Amend- 
ments made  to  correct  difficulties,  abuses  or  even  physical  conditions, 
in  one  portion  of  the  state  have  made  ••  confusion  worse  confounded  " 
in  other  portions.  Hence,  the  exact  provisions  of  the  code  were  not 
only  unascertainable,  but  in  many  instances  inapplicable,  and, 
furthermore,  subject  to  different  interpretations  by  different  officials. 
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The  obstacles  to  be  dealt  with  are  therefore  of  two  classes:  (1) 
physical;  (2)  political. 

Of  these,  the  first  can  be  met  by  the  engineer  in  almost  any  form, 
provided  the  necessities  for  overcoming  them  warrant  the  raising  of 
the  required  funds. 

The  second  class,  or  political  obstacles,  are  so  entrenched  by  cus- 
tom and  control  that  only  long  devotion  to  civic  duty  by  a  majority 
of  the  voters  of  a  county  or  state  can  correct  them,  and  the  attack 
cannot  be  made  successfully  until  justified  by  the  state  of  public 
opinion. 

The  system  of  placing  county  road  matters  in  the  hands  of  a  Board 
of  Supervisors,  not  one  of  whom  is  trained  for  the  work,  is  radically 
wrong.  It  happens  frequently  that  members  of  these  boards  are  faith- 
ful, energetic  men,  who  are  devoted  to  the  duties  of  the  office,  and 
discharge  their  obligations  to  the  public  with  honest  efficiency. 
Many  instances  of  this  kind  were  met  by  the  writer  in  various  parts 
of  the  state. 

The  works  of  these  officials  might  be  considered  models,  when  the 
obstacles  and  difficulties  under  which  they  were  executed  were  con- 
sidered. But,  unfortunately,  this  was  not  the  rule.  In  the  majority 
of  instances  road  moneys  were  regarded  as  the  funds  from  which  to 
pay  political  debts  and  obligations,  or  were  to  be  called  upon  just 
before  elections  for  the  purpose  of  putting  an  army  of  "  workers  "  on 
the  roads  where  they  "would  do  the  most  good,"  not  to  the  roads,  but 
to  some  candidate. 

This  absurd  and  obscure  condition  of  the  law  and  its  administra- 
tion can  be  understood  only  when  the  actual  conditions  of  road  man- 
agement in  the  entire  country,  previous  to  and  during  that  period  of 
its  history  in  which  California  has  developed,  are  considered;  and, 
without  the  consideration  of  these  conditions,  road  mismanagement 
by  an  intelligent  people  is  inexplicable.  Henoe  it  becomes  necessary 
to  review  very  briefly  the  modes  of  road  development  in  the  United 
States  since  the  advent  of  the  railroad. 

Historical  Notes. 

In  the  early  part  of  the  century,  the  prosperity  and  develop- 
ment succeeding  the  War  of  the  Revolution  required  ample  and 
extended    means  of   communication.      The   common  roads   of   the 
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country  were  supplemented  by  toll  roads,  which  were  built  by  com- 
panies, on  franchises  granted  for  Tariable  periods.  These  toll  roads 
were  frequently  built  of  plank,  but  were  generally  of  earth  and 
graTeL 

The  exaction  of  toll  upon  these  roads  became  burdensome  and  re- 
strictive of  development;  consequently,  the  acquisition  of  many  of 
them  became  a  public  necessity.  From  that  date  to  the  present  we 
hare  had  it  impressed  upon  us  that  whenever  those  utilities  which 
the  people  should  provide  and  control  for  themselves  have  been 
farmed  out  to  corporations,  oppression  has  resulted — no  matter 
whether  the  farmed-out  franchises  were  a  toll  road  from  Pitts- 
burg to  Philadelphia,  or  a  transcontinental  railroad  to  the  Pacific 
Ocean. 

The  necessities  for  cheap  transportation  became  so  great  that  the 
United  States  Congress,  cabinet  officers,  the  President— in  fact, 
almost  all  the  functions  of  the  National,  State  and  County  Govern- 
ments were  engaged  in  the  study  and  practical  application  of  the 
science  of  road  building.  Reports  of  cabinet  officers,  messages  of 
the  Presidents,  and  the  views  of  the  leading  statesmen  of  our  country, 
bearing  on  this  subject,  are  very  common  in  Government  documents 
during  the  early  decades  of  the  nineteenth  century.  Notable  among 
these  are: 

L— The  Act  admitting  Ohio,  in  1802,  and  setting  apart  5°0  of  the 
sales  of  public  lands  as  a  road  construction  fund.  These  sales  netted 
something  over  $750  000  in  a  few  years. 

2. — The  bill  introduced  by  Mr.  Tracy,  of  Connecticut,  and  approved 
in  1806  by  President  Jefferson.  The  debates  on  this  Act  show  how 
deeply  the  road  question  interested  the  country. 

3. — The  speech  of  Mr.  Calhoun  in  favor  of  placing  the  bonus  on 
all  bonds  sold,  and  dividends  of  the  national  banks,  in  a  fund  for 
the  construction  of  roads  and  canals;  this  fund  would  have 
amounted  to  nearly  $750  000  annually.  This  bill,  however,  was  vetoed 
by  President  Monroe,  in  1817,  on  the  ground  that  it  was  unconstitu- 
tional, even  if  the  States  gave  their  consent  to  the  provisions  of  the 
law. 

An  extensive  system  of  roads  was  projected  and  partly  constructed 
by  Congress.  The  most  noted  were  the  "National  Turnpikes"  in 
Maryland,  Virginia,  Pennsylvania  and  Ohio,  which  aggregated  several 
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hundred  miles  in  length,  and  received  Congressional  appropriations 
amounting  to  87  000  000  in  annual  appropriations  of  from  830  000  to 
8500  000. 

Finally,  in  1884-35,  an  appropriation  of  8300  000  was  made  for 
repairing  the  National  roads  in  Pennsylvania,  Maryland  and  Vir- 
ginia, and  when  repaired  they  were  transferred  to  these  states. 

Just  as  road  building,  fostered  by  our  government  and  placed  in 
the  hands  of  skillful  engineers,  became  a  science,  the  invention  of  the 
locomotive  and  the  consequent  development  of  railroad  building  came 
about.  At  once,  all  the  energies  of  our  people  were  centered  upon 
this  new  mode  of  transportation.  So  great  was  the  impetus  thus 
given,  that  the  United  States  soon  ran  far  ahead  of  other  countries  in 
mileage  of  railroad.  For  generations  the  building  of  roads  was  for- 
gotten, and  the  building  of  railroads  stimulated  and  fostered.  The 
highest  skill  of  the  trained  engineers  of  the  country  has  been  and  is 
engaged  in  the  general  and  special  work  of  building,  equipping  and 
operating  railroads. 

During  this  period  of  railroad  growth  and  development,  roads 
have  been  neglected  to  such  an  extent  that  generations  have  grown  up 
who  have  never  Been  a  road.  They  have  learned  to  speak  of  streaks  of 
dust  or  mud,  as  the  case  may  be,  as  roads — have  actually  learned  to 
regard  them  as  such,  and  solemnly  dedicate  the  same  to  public  use, 
with  all  due  legal  form,  as  if  they  really  were  well-located,  graded, 
drained  and  thoroughly  metaled  highways.  The  engineers  of  the 
country  have  so  seldom,  until  lately,  been  engaged  on  road  work  that 
they,  too,  have  looked  upon  road  building  as  a  lost  art  which  at  one 
time  was  practiced  by  the  ancients. 

Under  these  conditions  California  was  settled,  and  her  laws  for 
road  location,  construction  and  management,  were  framed  and 
developed  during  a  period  when  road  building  was  at  its  lowest  ebb. 

The  road  system  of  California,  therefore,  grew  up  during  a  period 
of  general  road  decadence  throughout  the  entire  United  States.  It 
has  also  had  a  makeshift  system  grafted  upon  it  from  the  start.  The 
energies  which  led  the  pioneers  to  traverse  a  continent  in  the  search 
for  gold  was  coupled  with  a  love  of  home  which  limited  their  contem- 
plated stay  in  California  to  the  shortest  possible  period  consistent 
with  the  acquirement  of  wealth.  They  were,  therefore,  content  with 
trails,  roads  and  bridges  which  were  essentially  temporary  or  make- 
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shift  in  character.  Consequently,  Californians  have  learned  to  regard 
road  building  and  maintenance  as  the  result  of  temporary  expedients 
resorted  to  only  when  forced  by  necessity.  In  some  instances,  where 
wise  forethought  has  prompted  permanent  work  and  materials,  the 
step  has  been  regarded  as  an  expensive  "  experiment,"  and  the  officials 
inaugurating  these  improvements  have  been  accused  of  extravagance. 

It  is,  therefore,  not  so  much  a  matter  of  surprise  that  the  condi- 
tion of  affairs  mentioned  in  the  earlier  part  of  this  paper  grew  up 
along  such  systemless  and  extravagant  lines. 

But  the  expense  of  operating  bad  roads  forced  a  consideration  of 
the  methods  necessary  for  correct  road  location,  construction  and 
maintenance.  The  state  had  in  1895  reached  the  limit  of  development 
possible  under  bad  roads,  and  further  development  was  and  is  yet 
dependent  upon  the  systematic  construction  of  highways  of  the  most 
approved  type. 

Under  these  necessities,  the  law  of  1895,  previously  mentioned, 
was  passed. 

Legislation. 

After  two  years  spent  in  investigating  the  subject  and  in  examin- 
ing the  conditions  thoughout  the  state,  the  Commissioners  of  the 
Bureau  of  Highways  recommended  minor  changes  in  the  then  existing 
laws — principally  to  harmonize  them — and  four  general  laws.  These 
were: 

'(1) — An  Act  to  classify  the  roads  of  the  State  into  (a)  State  High- 
ways; (b)  County  Thoroughfares;  (c)  District  Roads. 

(2) — An  Act  empowering  the  State  to  gradually  take  charge  of, 
construct  and  maintain  highways  of  the  first  class,  and  making  pro- 
vision therefor,  by  the  levy  of  a  tax  of  2}  cents  on  the  8100  of  assessed 
valuation. 

(3) — An  Act  regulating  the  width  of  tires. 

(4) — An  Act  creating  a  Department  of  Highways. 

(5) — An  Amendment  reducing  the  maximum  rate  of  road  taxation 
from  40  to  35  cents  per  $100  of  assessed  valuation. 

The  objects  and  principles  of  these  laws  had  been  announced  and 
discussed,  during  the  year  preceding  their  introduction,  in  every 
county  seat  and  important  town,  and  had  met  with  the  general  ap- 
proval of  the  citizens  and  the  press.     Each  of  the  political  parties 
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had  put  a  "  plank  "  in  its  "  platform,"  looking  to  the  betterment  of 
road  conditions,  which  was  supposed  to  pledge  the  members  of  the 
Legislature  to  remedial  measures. 

Of  these  proposed  acts,  only  one — that  regulating  the  width  of  tires 
— became  a  law.  This  was  drawn  to  go  into  effect  in  1900.  It  met  with 
the  disapproval  of  the  dealers  in  and  manufacturers  of  wagons,  and  at 
the  extra  session  in  1899-1900  was  rendered  inoperative. 

The  law  classifying  roads  was  radically  changed  by  the  introduc- 
tion of  clauses  which  would  permit  of  making  unimportant  roads 
State  Highways,  when  they  could  never  form  the  essential  parts  or 
links  of  a  great  highway  system,  and  would,  furthermore,  place  no 
limit  on  the  mileage  of  such  additions  to  the  State's  obligation. 
Recognizing  the  evils  of  these  changes,  the  Executive  withheld  his 
signature. 

The  bill  providing  for  State  construction  and  maintenance  of  high- 
ways of  the  first  class  was  amended  to  entirely  alter  its  purport,  a*nd 
was  vetoed  by  the  Governor. 

The  recommendation  to  levy  2£  cents  on  the  $100,  for  the  construc- 
tion of  State  Highways,  was  also  radically  changed  by  extracting 
essential  features  and  incorporating  them  in  another  bill,  practically 
placing  85%  of  that  levy  to  the  credit  of  the  counties,  to  be  expended 
under  and  by  county  authorities;  also,  providing  that  state  officials 
should  indorse  bonds  issued  by  the  counties,  and,  in  default  of  the 
counties  paying  the  interest  thereon,  that  the  State  should  collect  and 
pay  such  interest.  These  provisions  were  contrary  to  the  plain  pro- 
visions of  Article  IV,  Section  31,  of  the  Constitution,  which  prohibits 
the  granting  of  the  money  or  credit  of  the  State  to  political  or  other 
corporations  or  to  persons.  These  measures  failed  to  become  laws,  as 
did  the  bill  previously  mentioned. 

The  bill  creating  the  Department  of  Highways  was  amended,  for 
partisan  purposes,  so  as  to  give  patronage  in  State  elections. 

The  recommendation  to  reduce  the  maximum  rate  of  taxation  for 
road  purposes  from  40  to  35  cents  per  $100  was  not  considered  by  the 
Legislature,  and,  instead  of  a  reduction,  the  maximum  was  raised  to  62J 
cents  per  $100  of  assessed  valuation,  by  the  addition  of  certain  district 
levies. 

An  act,  constituting  Chapter  CCLIXIV  of  the  Statutes  and  Amend- 
ments to  the  Code,  1897,  was  introduced  as  an  "  urgent  necessity,"  and 
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passed  daring  the  last  eighteen  hoars  of  the  session.  It  was  known  as 
the  "Clark  Road  Law."  It  was  never  printed  or  submitted  to  con- 
sideration, and  its  existence  was  kept  secret  from  the  members  of  the 
Bureau  of  Highways.  This  law  subsequently  came  before  the  Supreme 
Court,*  and  was  declared  illegal. 

An  act  intended  to  provide  a  connecting  link  between  the  roads  on 
either  side  of  the  Sierras  and  between  the  Yosemite  Valley  and  the 
basin  of  Mono  Lake  was  also  passed,  but,  the  title  being  defective,  it 
failed  to  receive  the  signature  of  the  Governor. 

The  Legislature  of  1897  also  made  a  conditional  appropriation  of 
dimension  stone  for  sub-structures  and  of  crushed  rock  for  macadam- 
izing the  road  from  Sacramento  to  Folsom,  a  distance  of  about  20  miles. 
Near  this  latter  point  one  of  the  state  penitentiaries  is  situated,  and 
convict  labor  was  to  quarry,  dress,  or  crush  the  rock.  The  condition 
of  this  appropriation  of  materials  was  that  the  county  should  provide 
the  funds  necessary  to  grade  the  roadbed,  distribute  and  roll  the 
crushed  rock,  etc.  * 

This  road  was  to  be  a  model  for  the  state  and  county  officers,  who 
meet  biennially  at  the  Capitol. 

The  work  was  placed  in  the  hands  of  a  non-technical  commission. 
The  members  of  the  Department  of  Highways  undertook  to  present 
the  matter  to  the  county  officials  and  the  people  of  the  county  for  a 
bond  election.  This  election  resulted  very  favorably,  but  the  legal 
provisions  and  steps  were  not  fully  in  accordance  with  the  law,  and  the 
courts  declared  the  bond  issue  invalid. 

This,  in  brief,  is  the  history  of  the  first  two  years'  attempt  to  insti- 
tute system  and  economy  in  road  work  in  California. 

The  work,  however,  was  continued  through  a  Department  of 
Highways,  which  took  the  place  of  the  previous  Bureau,  and  for  two 
years  consisted  of  three  members,  and  thereafter  of  one  member,  who 
was  to  be  appointed  for  four  years. 

The  Department  of  Highways  thus  created  continued  the  work 
provided  for  by  law,  but,  by  lack  of  funds,  was  not  permitted  to 
execute  any  important  road  work.  The  members  acted  in  an  advisory 
capacity  to  County  Boards  of  Supervisors  and  to  County  Surveyors. 
In  a  few  instances  opportunities  were  found  to  practically  advance 
road  building. 

•  In  Davis  vs.  Whldden,  117  CaL,  618. 
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In  laying  oat  a  system  of  highways  it  must  be  recognized  that  there 
are  two  main  principles  to  be  followed.  First:  The  main  highways  of 
the  state  and  its  counties  are  lines  along  which  the  travel  and  traffic  of 
an  indefinite  future  must  move,  and  it  is  therefore  necessary  to  locate 
these  lines  on  the  most  advantageous  ground,  irrespective  of  tempo- 
rary private  interests,  which  at  most  can  last  for  only  one  or  two  gen- 
erations. After  roads  have  been  located  upon  these  lines  no  false 
economy  or  makeshift  methods  should  be  allowed;  the  drains,  cul- 
verts and  bridges  should  be  of  masonry,  the  roadbed  graded  to  true 
lines,  and  a  sprinkling  plant  provided.  Finally,  the  surface  should 
be  metaled  with  the  best  available  rock.  To  attempt  this  upon  all 
roads,  with  the  entire  road  fund  of  each  county,  is  not  practicable. 
Existing  roads,  however  bad,  must  be  maintained  so  as  to  permit  of 
reasonable  use,  even  if  this  use  temporarily  entails  heavy  loss. 

The  second  principle  is  that  true  economy  shall  characterize  the 
expenditure  of  available  funds.  The  existing  roads  must  be  kept  in 
that  state  of  repair  which  will  enable  them  to  meet  the  requirements 
of  travel  and  transportation,  and,  in  addition,  a  gradual  change  to 
proper  locations,  and  the  substitution  of  permanent  structures  for 
makeshift  and  perishable  ones,  must  be  made. 

It  was,  therefore,  recommended  that  one-half  of  the  road  funds  of 
each  county  be  set  aside  as  a  "  Good  Roads  Fund,"  to  be  used  as  the 
necessities  of  the  county  might  dictate.  It  is  entirely  possible  with 
the  remaining  half  of  the  road  funds  to  maintain  existing  roads  in  as 
good  condition  as  they  have  been  for  some  years  past.  Particularly 
is  this  possible,  if  wasteful  methods  and  political  favoritism  be  set 
aside,  and  system  and  economy  instituted.  Should  this  measure  re- 
duce the  funds  below  the  requirements  of  special  local  interests,  the 
Board  of  Supervisors  has  it  in  its  power  to  levy  for  this  purpose  the 
special  tax  provided  in  Section  38,  Chapter  CCLXXVII  of  the  Statutes 
and  Amendments  of  1897.  The  setting  aside  of  a  portion  of  these 
funds  for  permanent  work  was  intended  as  a  means  of  bringing  about 
system  and  economy.  This,  however,  cannot  be  accomplished  by  law 
alone.  It  is  imperatively  necessary  that  there  should  be  integrity, 
technical  intelligence,  and  energy  on  the  part  of  the  officials  charged 
with  the  disbursement  of  road  funds. 

The  construction  and  maintenance  of  bridges  was  found  to  be  par- 
ticularly costly  in  all  except  two  counties.    In  one  the  cost  had  been 
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reduced  by  placing  the  entire  matter  of  bridge  building  in  the  hands 
of  the  County  Surveyor,  an  engineer  of  high  skill  and  integrity.  In 
the  other  it  was  realized  that  masonry  was  far  cheaper  than  steel,  iron 
and  wood.  The  results  of  these  two  examples  were  freely  need  by  the 
Highway  Commissioners,  and  the  lessons  were  not  wholly  lost. 


The  prime  reasons  why  bridge  building  and  maintenance  are  so 
costly  are:  First,  in  many  instanced  the  bridges  are  expensive  because 
the  connty  officials  do  not  know  the  actual  cost  of  materials  and  labor; 
and,  secondly,  a  lack  of  technical  knowledge  in  the  matter  permits 
the  nee  of  the  wrong  materials. 
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Bridges,  which  should  be  masonry,  are  built  of  very  perishable 
timber,  the  constant  renewals  of  which  exhaust  the  road  funds. 

The  raising  of  about  $2  000  000  per  year  for  highway  purposes  is 
equivalent  to  a  tax  levy  of  20  cents  per  8100  on  $1  000  000  000.  This 
amounts  to  $80  000  000  in  forty  years,  which  sum,  intelligently  and 
honestly  expended  would  give  California  a  magnificent  system  of 
highways;  but  it  requires  the  introduction  of  system,  skill,  and  in- 
tegrity in  every  detail,  and,  if  the  present  system  be  continued,  the 
full  benefit  of  the  expenditure  of  this  vast  sum  will  fall  short  of  being 
realized. 

At  the  next  session  of  the  Legislature,  in  January,  1899,  the  Depart- 
ment of  Highways  renewed  the  recommendations  previously  made, 
and  added  an  important  amendment,  looking  to  the  creation  of  a  good 
roads  fund  in  every  county,  but  leaving  its  control  under  county 
authorities.  This  control  is,  as  previously  outlined,  considered  a  very 
essential  part  of  the  political  patronage  of  members  of  the  several 
Boards  of  Supervisors,  and  they  generally  regard  any  attempt  to  put 
road  matters  on  better  lines  as  an  interference  with  their  prerogatives 
and  rights.  This  amendment  apportions  50%  of  all  road  moneys  for 
the  construction  of  permanent  work  in  a  specified  order.  Consider- 
ing that  the  gross  annual  expenditures  by  counties  aggregate  about 
$2  000  000,  this  "  good  roads  fund  "  would,  in  a  few  decades  of  system- 
atic work,  accomplish  much  good. 

These  laws  and  amendments  are  appended  herein  in  full.  They 
are  not  intended  to  be  radical  nor  to  subvert  the  method  of  road  admin- 
istration, but  are  designed  to  introduce  system  and  economy,  and  to 
gradually  correct  the  abuses  and  lack  of  business  methods  which  had 
grown  to  be  a  part  of  road  administration. 

An  Act  to  Classify  thb  Koads  in  the  State  of  California,  and  to 

Define  each  Class. 

The  People  of  the  State  of  California,  represented  by  Senate  and 
Assembly,  do  enact  as  follows: 

Section  1. — The  roads  within  the  limits  of  the  State  of  California 
shall  hereafter  be  classified  as  follows: 

The  first  class  to  include  all  highways  designated  as  State  Highways.; 
the  second  to  include  all  .highways  designated  as  County  Thorough- 
fares; and  the  third  class  to  include  all  highways  designated  as  District 
Roads. 
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Section  2. — The  following  roads,  when  definitely  located  by  the 
Department  of  Highways,  are  hereby  declared  to  belong  to  the  first 
class. 

1.  A  highway  commencing  on  the  State  line  between  the  State  o>f 
California  and  the  State  of  Oregon,  at  or  near  the  point  where  the  said 
State  line  is  intersected  by  the  road  from  Yreka,  California,  to  Ash- 
land, Oregon,  and  extending  thence  southerly,  along  the  best  grades 
and  alignments,  through  the  Counties  of  Siskiyou,  Shasta,  Tehama, 
Butte,  Yuba,  Sutter,  Sacramento,  San  Joaquin,  Stanislaus,  Merced, 
Madera,  Fresno,  Tulare,  Los  Angeles,  Orange  and  San  Diego  to  Tia 
Juan  a,  in  the  last-named  county. 

2.  A  highway  commencing  at  Crescent  City,  in  Del  Norte  County, 
and  extending  south  and  southeasterly,  on  the  best  grades  and  align- 
ments, through  the  Counties  of  Del  Norte,  Humboldt,  Mendocino, 
Sonomo,  and  Marin,  to  the  City  of  Sausalito. 

3.  A  highway  commencing  in  the  City  and  County  of  San  Francisco 
and  extending  thence  southeasterly,  on  the  best  grades  and  align- 
ments, through  the  Counties  of  San  Mateo,  Santa  Clara,  San  Benito, 
Monterey,  San  Luis  Obispo,  Santa  Barbara,  Ventura  and  Los  Angeles 
to  the  City  of  Los  Angeles. 

4.  A  highway  commencing  at  a  point  upon  the  State  Highway 
through  Tehama  County,  at  or  near  the  station  of  Tehama,  and  extend- 
ing thence  southerly,  on  the  best  grades  and  alignments,  through  the 
Counties  of  Tehama,  Glenn,  Colusa,  Yolo  and  Solano,  to  the  City  of 
Vallejo. 

5.  A  highway  commencing  at  the  City  of  Martinez,  and  extending 
thence  southerly,  on  the  best  grades  and  alignments,  through  the 
Counties  of  Contra  Costa,  Alameda,  San  Joaquin,  Stanislaus,  Merced, 
Fresno,  Kings  and  Kern  to  a  point  on  the  State  Highway  at  or  near 
the  City  of  Bakersfield. 

6.  A  highway  commencing  at  a  point  upon  the  State  Highway 
through  Siskiyou  County,  near  the  westerly  base  of  Mount  Shasta, 
and  extending  thence  southerly,  on  the  best  gradeB  and  alignments, 
through  the  Counties  of  Siskiyou,  Shasta,  Lassen,  Plumas,  Sierra, 
Nevada,  Placer,  Eldorado,  Alpine,  Mono,  Inyo,  and  Kern  to  Indian 
Wells,  in  the  last-named  county. 

7.  A  highway  commencing  at  the  City  of  Areata,  in  Humboldt 
County,  and  extending  thence  southeasterly,  on  the  best  grades  and 
alignments,  through  the  Counties  of  Humboldt,  Trinity  and  Tehama, 
to  a  point  on  the  State  Highway  through  Tehama  County,  at  or  near 
the  City  of  Red  Bluff. 

8.  A  highway  commencing  at  a  point  on  the  State  Highway  through 
Shasta  County,  north  of  the  City  of  Bedding,  and  extending  thence 
northeasterly,  on  the  best  grades  and  alignments,  through  the  Coun- 
ties of  Shasta,  Lassen  and  Modoc,  to  Fort  Bid  well,  in  the  last-named 
county. 
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9.  A  highway  commencing  at  the  City  of  Marysville,  and  extend- 
ing thence  northerly  and  northeasterly,  on  the  best  grades  and  align- 
ments, through  the  Counties  of  Yuba,  Butte,  Plumas  and  Lassen,  to 
Susanville,  in  the  last-named  county. 

10.  A  highway  commencing  at  the  City  of  Ukiah,  and  extending 
thence  southerly,  on  the  best  grades  and  alignments,  through  the 
Counties  of  Mendocino,  Lake  and  Yolo,  to  the  City  of  Sacramento, 
thence  easterly,  through  the  Counties  of  Sacramento  and  Eldorado, 
to  a  point  on  the  State  line  between  the  State  of  California  and  the 
State  of  Nevada,  at  or  near  its  intersection  by  the  Lake  Tahoe  Wagon 
Road. 

11.  A  highway  commencing  at  or  near  the  City  of  Santa  Rosa,  and 
extending  thence  southeasterly,  on  the  best  grades  and  alignments, 
through  the  Counties  oi  Sonomo,  Napa  and  Solano,  to  Suisun  City,  in 
the  last-named  county. 

12.  A  highway  commencing  at  a  point  on  the  State  Highway  running 
north  from  Sacramento,  and  extending  thence  northeasterly,  on  the 
best  grades  and  alignments,  through  the  Counties  of  Sacramento, 
Placer,  Nevada  and  Sierra,  to  a  point  on  the  State  Highway  through 
Sierra  County,  near  Sierraville,  in  the  last-named  county. 

13.  A  highway  commencing  at  the  City  of  Oakland,  and  extending 
thence  easterly,  on  the  best  grades  and  alignments,  through  the  Coun- 
ties of  Alameda  and  San  Joaquin,  to  a  point  on  the  State  Highway 
through  San  Joaquin  County,  south  of  the  City  of  Stockton. 

14.  A  highway  commencing  at  the  City  of  Oakland,  and  running 
thence  northerly  and  easterly,  on  the  best  grades  and  alignments, 
through  the  Counties  of  Alameda  and  Contra  Costa,  to  the  City  of 
Martinez. 

15.  A  highway  commencing  at  lone,  Amador  County,  and  extend- 
ing thence  easterly,  on  the  best  grades  and  alignments,  through  Ama- 
dor, Calaveras,  Tuolumne  and  Mariposa  Counties,  to  the  county  seat 
of  the  last-named  county. 

16.  A  highway  commencing  at  a  point  on  the  State  Highway 
through  Santa  Clara  County,  at  or  near  the  City  of  Gilroy,  and  extend- 
ing thence  northeasterly,  on  the  best  grades  and  alignments,  through 
the  Counties  of  Santa  Clara,  San  Benito,  Merced,  Mariposa,  Tuo- 
lumne and  Modo,  to  a  point  on  the  State  Highway  through  the  last- 
named  countv,  near  Mono  Lake. 

17.  A  highway  commencing  at  a  point  on  the  State  Highway 
through  Santa  Clara  County,  at  or  near  the  City  of  Gilroy,  and  extend- 
ing thence  northeasterly  and  easterly,  on  the  best  grades  and  align- 
ments, through  the  Counties  of  Santa  Clara,  San  Benito  and  Fresno, 
to  the  City  of  Fresno. 

18.  A  highway  commening  at  the  City  of  Modesto  and  extending 
thence  northeasterly,  on  the  best  grades  and  alignments,  through  the 
Counties  of  Stanislaus  and  Tuolumne,  to  the  City  of  Sonora. 


- 
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19.  A  highway  commencing  at  or  near  the  City  of  Hollister,  and 
extending  thence  southeasterly,  on  the  best  grades  and  alignments, 
throngh  the  Counties  of  San  Benito  and  Fresno  to  a  point  on  the  west- 
erly State  Highway  through  the  last-named  county,  near  Huron. 

20.  A  highway  commencing  at  a  point  on  the  State  Highway 
through  San  Luis  Obispo  County,  at  or  near  San  Miguel,  and  extend- 
ing thence  easterly,  on  the  best  grades  and  alignments,  through  the 
Counties  of  San  Luis  Obispo  and  Kern,  to  a  point  on  the  westerly  State 
Highway  in  the  last-named  county. 

21.  A  highway  commencing  at  Port  Hartford,  in  San  Luis  Obispo 
County,  and  extending  thence  southeasterly  and  northeasterly,  on 
the  best  grades  and  alignments,  through  the  Counties  of  San  Luis 
Obispo,  Santa  Barbara  and  Kern  to  Indian  Wells,  in  the  last-named 
county. 

22.  A  highway  commencing  at  the  City  of  Los  Angeles  and  extend- 
ing thence  easterly,  on  the  best  grades  and  alignments,  through  the 
Counties  of  Los  Angeles  and  San  Bernardino,  to  the  City  of  Bernar- 
dino;  thence  southwesterly,  on  the  best  grades  and  alignments,  through 
the  Counties  of  San  Bernardino,  Riverside  and  Orange,  to  the  City  of 
Santa  Ana,  in  Orange  County. 

23.  A  highway  commencing  at  a  point  on  the  State  Highway  through 
Shasta  County,  north  of  the  City  of  Bedding,  and  extending  thence 
northwesterly,  on  the  best  grades  and  alignments,  through  the 
Counties  of  Shasta  and  Trinity,  to  Weaverville,  in  the  last-named 
county. 

24.  A  highway  commencing  at  Colusa,  and  extending  thence  west- 
erly, on  the  best  grades  and  alignments,  through  the  County  of  Colusa, 
to  a  point  on  the  State  Highway  through  said  county. 

25.  A  highway  commencing  at  Markleeville,  and  extending  thence 
easterly,  on  the  best  grades  and  alignments,  to  a  point  on  the  State 
Highway  through  Alpine  County. 

26.  A  highway  commencing  at  Mariposa,  and  extending  thence 
northwesterly,  on  the  best  grades  and  alignments,  to  a  point  on  the 
State  Highway  through  Mariposa  County. 

27.  A  highway  commencing  at  the  City  of  Visalia  and  extending 
thence  westerly,  on  the  best  grades  and  alignments,  through  the 
Counties  of  Tulare  and  Kings,  to  the  City  of  Hanford,  in  Kings 
County. 

28.  A  highway  commencing  at  a  point  on  the  State  Highway 
through  Alameda  County,  at  or  hear  Niles,  and  extending  thence  south- 
erly, on  the  best  grades  and  alignments,  through  Alameda  and  Santa 
Cruz  Counties  to  the  City  of  San  Jos6;  thence  southwesterly,  on  the 
best  grades  and  alignments,  through  the  Counties  of  Santa  Cruz  and 
Santa  Clara,  to  a  point  on  the  highway  through  Santa  Cruz,  near 
Watsonville. 
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29.  A  highway  commencing  at  the  City  of  Sonoro,  and  extending 
thence  easterly,  on  the  best  grades  and  alignments,  through  the 
Counties  of  Tuolumne  and  Mono,  to  a  point  on  the  State  Highway  in 
the  last-named  county. 

Section  3. — The  roads  of  the  second  class,  or  County  Thorough- 
fares, shall  be  the  most  important  roads  in  each  county,  as  set  apart 
and  so  declared  by  the  Boards  of  Supervisors  of  the  several  counties, 
in  discharging  which  duty  they  may  call  upon  the  Department  of 
Highways,  in  writing,  for  such  advice  and  counsel  as  said  Board  of 
Supervisors  may  desire. 

Section  4.  —The  roads  of  the  third  class,  or  District  Roads,  shall 
embrace  all  existing  county  roads  now  recognized  and  set  apart  by  law, 
and  not  enumerated  in  Sections  2  and  3  of  this  Act  as  State  Highways 
or  County  Thoroughfares,  together  with  such  additional  roads  as  may 
be  laid  out,  in  accordance  with  the  laws  of  the  State  of  California,  by 
the  Boards  of  Supervisors  of  the  several  counties. 

Section  5. — All  Acts  or  parts  of  Acts  in  conflict  with  the  provisions 
of  this  Act  are  hereby  repealed. 

Section  6.— This  Act  shall  take  effect  from  and  after  its  passage. 


The  total  mileage  of  roads  in  the  State  is  about  45  000.  This 
classification  would  put  about  10%,  or  4  500  miles,  in  the  first  class, 
and  this  mileage  would  ultimately  come  under  the  control  of  the  State, 
and  includes  all  the  roads  in  which  the  State  may  be  considered  to  have 
a  direct  interest.  The  remaining  mileage  would  continue  under 
county  supervision  and  control. 


Article  III,  Section  2643,  Pah.  7,  Political  Code,  to  be  amended  as 

follows: 

Cause  the  road  tax  collected  each  year  to  be  apportioned  and  kept 
in  separate  funds  by  the  County  Treasurer,  as  follows: 

Fifty  per  cent,  of  all  moneys  so  collected  shall  be  apportioned  as 
now  provided  by  law. 

The  remaining  50%  of  taxes  so  collected  shall  be  apportioned  to  a 
fund  to  be  known  and  designated  as  the  "Good  Roads  Fund."  All 
money  so  apportioned  to  the  "Good Roads  Fund  "  must  be  expended 
by  the  Boards  of  Supervisors  of  the  various  counties  in  the  following 
manner,  and  for  the  purposes  hereinafter  named,  and  in  no  other  way, 
and  for  no  other  purpose,  to  wit : 

For  laying  out,  grading,  sprinkling,  graveling  or  macadamizing  the 
principal  highways  of  the  county,  and  the  purchase  of  all  road 
machinery  necessary  for  the  construction  of  said  highways  and  main- 
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tenanoe  of  same,  and  the  purchase  of  water  rights,  and  all  necessary 
property  to  insure  a  perfect  sprinkling  system;  for  the  construction 
of  all  substructures  necessary  to  a  perfect  drainage  of  a  highway  or 
road,  all  of  which  substructures  shall  consist  of  masonry,  concrete, 
salt-glazed  sewer  pipe,  iron  or  steel;  no  lumber  or  perishable  material 
shall  be  used,  except  for  bridge  flooring,  when  deemed  absolutely 
necessary. 

For  better  guidance  of  road  construction  and  the  expenditure  of 
moneys  in  the  "  Good  Roads  Fund,"  the  following  shall  be  the  order 
of  constructing  said  highways,  and  the  Boards  of  Supervisors  shall 
observe  this  order,  so  far  as  possible  to  do : 

First. — The  laying  out  of  a  highway  on  the  best  grades  and  align- 
ments possible. 

Second.—  The  grading  and  draining  of  said  highways. 

Third. — The  construction  of  permanent  substructures. 

Fourth. — The  establishment  of  a  sprinkling  plant  for  paid 
highways. 

Fifth. — The  graveling  or  macadamizing  of  all  such  highways. 

To  perform  any  work  or  construct  any  substructures  under  this 
section,  the  Board  of  Supervisors  to  make  definite  surveys  of  the 
proposed  work,  and  to  prepare  plans,  profiles  and  cross-sections 
thereof,  and  to  submit  the  same,  with  estimate  of  the  amount,  or 
amounts,  of  work  to  be  done,  and  the  probable  cost  thereof,  and  with 
specifications  therefor,  duly  approved  by  the  Department  of  Highways 
of  the  State  of  California.  The  said  report  shall  be  prepared  in  trip- 
licate, one  copy  to  be  filed  in  the  Surveyor's  office,  one  in  the  Depart- 
ment of  Highways  of  said  State,  and  the  other  to  be  filed  with  the 
Clerk  of  the  Board  of  Supervisors.  The  Board,  upon  receipt  of  such 
report,  must  advertise  for  bids  for  the  performance  of  the  work  speci- 
fied, as  provided  in  this  section.  All  bidders  must  be  offered  oppor- 
tunity to  examine  such  plans  and  specifications,  and  said  Board  shall 
award  the  contract  to  the  lowest  responsible  bidder,  and  a  copy  of  the 
plans  and  specifications  so  adopted  shall  be  attached  to  and  become  a 
part  of  the  contract;  and  the  person  or  corporation  to  whom  the 
contract  is  awarded  shall  be  required  to  execute  a  bond,  to  be  approved 
by  said  Board,  for  the  faithful  performance  of  such  contract;  provided, 
that  after  the  submission  of  the  bids  as  herein  provided,  the  Board  of 
Supervisors  being  advised  by  the  County  Surveyor  that  the  work  can 
be  done  for  a  sum  less  than  the  lowest  responsible  bid,  it  shall  then 
be  the  privilege  to  reject  all  bids,  and  to  order  the  work  done,  or 
structure  built,  by  day's  work  under  the  supervision  and  control  of 
said  Surveyor;  provided,  further,  that  the  Surveyor  in  such  case  shall 
be  held  personally  responsible,  under  his  official  bond,  to  construct 
the  work  and  furnish  material,  at  a  cost  not  to  exceed  the  amount  of 
the  lowest  responsible  bid  received. 
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The  furnishing  of  all  material  or  machinery  for  the  purpose  of  this 
Aot  shall  be  done  by  contract  and  advertisement  for  bids  in  the  same 
manner  as  far  as  possible  as  designated  herein  for  road  work. 

The  Boards  of  Supervisors  shall  decide  all  questions  pertaining  to 
this  Act  by  a  majority  vote  of  all  members  of  the  Board. 

The  Connty  Surveyor  and  Department  of  Highways  of  the  State 
*hall  have  power  to  inspect  any  work  or  advise  as  to  the  efficiency  or 
quality  of  all  materials  so  purchased  by  the  Board  of  Supervisors  for 
the  purposes  of  this  Act,  and  upon  the  written  request  by  the 
Surveyor  and  Department  of  Highways,  any  failures  to  comply  with 
the  contract  or  contracts,  or  any  defects  in  the  character  of  material 
furnished,  shall  be  remedied  by  the  contractor,  and  in  default 
thereof,  the  Board  shall  have  power  to  deduct  the  value  of  such 
failure  or  defect  from  the  contract  price  agreed  to  be  paid  the  con- 
tractor. 

The  Board  of  Supervisors  must  employ  the  County  Surveyor  to 
superintend  the  work  contemplated  by  this  Act,  and,  provided  said 
Surveyor  is  not  a  salaried  officer,  must  allow  him  fair  compensation 
for  such  service. 

The  Board  of  Supervisors  shall  have  power  to  make  partial  pay- 
ments upon  all  contracts  let  by  virtue  of  this  Act,  not  to  exceed  7b% 
of  the  work  done  when  the  same  shall  be  certified  by  the  County 
Surveyor  as  properly  performed. 

No  contract  shall  be  let  in  conformity  to  this  Act  exceeding  the 
amount  of  money  in  the  "Good  Roads  Fund"  of  any  county,  or  the 
estimated  amount  to  be  paid  into  said  fund  during  the  fiscal  year  in 
which  said  contract  is  entered  into. 


Section  2651,  Political  Cods,  Amended  to  bead  as  follows: 

The  Board  of  Supervisors  must  annually  set  apart,  from  the  prop- 
erty road  tax  collected  from  all  sources,  50%,  to  be  set  aside  as 
provided  in  Article  III,  Section  2643,  Par.  7,  Political  Code;  06%  of 
the  remainder  of  said  road  tax  may  be  set  aside  for  general  county 
road  purposes;  from  which  sum  so  set  apart  they  may  direct  such 
amounts  to  be  paid  as  may  be  found  necessary  for  such  general  county 
road  purposes  in  which  the  inhabitants  of  all  the  districts  within  the 
oounty  are  more  or  less  interested,  or  to  assist  weak  or  impoverished 
districts  in  keeping  their  roads  in  repair,  to  be  applied  as  the  said 
Board  may  order  or  direct;  provided,  that  the  Boards  of  Supervisors 
in  the  several  counties  shall  have  no  power  to  create  a  debt  on  any 
road  district  in  excess  of  the  estimated  amount  of  receipts  from  said 
district  for  the  current  fiscal  year. 
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An  Act  to  Pbovtdb  fob  the  Acceptance  of  Highways  of  the  Fibst 
Class  bt  the  State,  and  the  Maintenance  of  the  Same,  and  to 
Make  an  Appropriation  thebefob. 

The  People  of  the  State  of  California,  Represented  in  the  Senate 
and  Assembly,  do  enact  as  follows : 

Section  1. — Whenever  five  or  more  consecutive  miles  of  highways 
of  the  first  class,  as  defined  in  an  Act  entitled  "  An  Act  to  classify 
the  roads  in  the  State  of  California,  and  to  define  each  class,"  shall 
have  been  located  and  constructed  within  the  limits  of  any  county  in 
conformity  with  plans  and  specifications  approved  by  the  Depart- 
ment of  Highways,  the  Board  of  Supervisors  of  such  county  may 
petition  the  Department  of  Highways  to  accept  said  portion  of  road 
and  to  maintain  the  same. 

Section  2. — Said  Department  shall  thereupon  examine  said  road 
and  certify  to  the  Governor  of  the  State  whether  or  not  such  location 
and  construction  have  been  in  conformity  with  the  plans  and  speci- 
fications therefor,  and  if  in  its  opinion  said  roads  should  be  accepted* 
Should  such  opinion  be  favorable,  and  meet  with  the  approval  of  the 
Governor,  such  road  must  then  be  accepted  by  the  Department  in  the 
name  of  the  State,  and  shall  thereafter  be  maintained  by  the  Depart- 
ment  of  Highways  as  provided  by  the  law. 

Section  3. — An  appropriation  of  $100  000,  or  so  much  thereof  as 
may  be  necessary,  is  hereby  made  for  the  purposes  of  carrying  out 
the  provisions  of  this  Act  during  the  fiscal  years  of  1899-1900  and 
1900-1901;  said  fund  to  be  designated  as  the  "  State  Highway  Main- 
tenance Fund.'* 

Section  4. — On  or  about  September  1st,  1900,  and  biennially  there- 
after, the  Department  of  Highways  must  certify  to  the  State  Con- 
troller the  amount  necessary  to  maintain  said  highways  of  the  first 
class  for  the  following  two  fiscal  years.  The  Controller  shall  include 
this  amount  in  his  estimate  of  expenditures,  and  which,  when  paid 
into  the  State  Treasury,  must  be  credited  to  said  fund. 

Section  5. — The  Department  of  Highways  is  hereby  authorized  to 
advertise  for  bids  in  two  newspapers  in  the  county  in  which  the  road 
is  situated,  for  contracts  to  sprinkle,  roll  and  maintain  such  State 
Highways  as  may  be  accepted  under  the  provisions  of  this  Act,  and 
for  the  necessary  appliances  and  machinery  for  said  work.  Said 
Department  shall  have  the  power  to  reject  any  and  all  bids,  and  order 
the  work  done  by  day's  labor  for  an  amount  less  than  the  lowest 
responsible  bidder,  and  the  Commissioner  is  responsible  on  his  bond 
that  the  work  shall  be  done  according  to  the  plans  and  specifications. 
Said  bids  to  be  filed  with  the  County  Clerk  of  the  county  in  which 
said  highway  is  situated,  and  to  be  opened  by  the  Commissioner  of 
the  Department  of  Highways  at  the  office  of  said  clerk  on  a  day 
specified  in  said  advertisement  for  bids. 
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Section  6. — The  money  paid  into  the  State  Highway  Maintenance 
Fund  is  hereby  appropriated,  without  reference  to  fiscal  years,  for 
the  exclusive  purpose  of  maintaining  State  Highways.  All  claims 
against  the  State  Highway  Maintenance  Fund  mnst  be  made  by 
warrants  drawn  against  said  fund  by  the  State  Controller,  in  the 
name  of  the  person  or  persons  rendering  the  services  or  furnishing 
material  provided  for  by  this  Act,  and  must  be  audited  and  approved 
by  the  Commissioner  of  the  Department  of  Highways  and  by  the 
State  Board  of  Examiners.  The  State  Controller  is  hereby  directed 
and  authorized  to  draw  said  warrants,  when  so  audited  and  approved, 
and  the  State  Treasurer  is  authorized  to  pay  said  warrants,  to  the 
extent  of  moneys  available  therefor. 

Section  7. — This  Aot  shall  take  effect  upon  and  after  its  passage. 


An  Act  to  Provide  fob  the  Location,  Construction,  and  Mainte- 
nance of  Highways,  Owned  ob  to  be  Acquired  bt  the  State  of 
California,  bt  the  Levy  of  a  Tax,  and  the  Creation  of  a  Fund 
therefor. 

The  People  of  the  State  of  California,  Represented  in  Senate  and 
Assembly,  do  enact  as  follows : 

Section  1. — There  is  hereby  levied  annually,  for  each  fiscal  year,  an 
ad  valorem  tax  of  2  J  cents  upon  each  $100  of  value  of  the  taxable  prop- 
erty of  the  State,  which  tax  should  be  collected  by  the  several  officers 
charged  with  the  collection  of  State  Taxes,  in  the  same  manner  and  at 
the  same  time  as  other  State  taxes  are  collected,  upon  all  classes  or 
any  class  of  property,  which  tax  is  for  the  location,  construction,  and 
maintenance  of  highways  owned  or  to  be  acquired  by  the  State  of 
California. 

Section.  2. — The  State  Board  of  Equalization,  at  the  time  when  it 
annually  determines  the  rate  of  State  taxes  to  be  collected,  must,  at 
the  same  time,  declare  the  levy  of  said  rate  of  2J  cents  upon  each  $100 
of  value  of  taxable  property,  and  notify  the  Auditor  and  Board  of 
Supervisors  of  each  county  thereof. 

Section  3. — The  moneys  collected  from  said  rate,  after  deducting 
the  proportionate  share  of  expense  of  collecting  from  the  same,  to 
which  other  State  taxes  are  subject,  must  be  paid  into  the  State  Treas- 
ury, and  be  by  the  Treasurer  converted  into  a  separate  fund,  hereby 
created,  to  be  called  "  The  State  Highway  Fund." 

Section  4. — The  money  paid  into  said  "State  Highway  Fund"  is 
hereby  appropriated,  without  reference  to  fiscal  years,  for  the  exclu- 
sive purposes  of  locating,  constructing,  and  maintaining  the  State 
Highways,  and  in  no  case  shall  any  portion  thereof  be  used  for  the 
acquisition  of  title  to  or  rights  of  way  over  land  or  lands  through  or 
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upon  which  said  State  Highways  may  be  located.  All  claims  against 
said  "State  Highway  Fund"  must  be  audited  by  the  Department  of 
Highways,  and  approved  by  the  State  Board  of  Examiners,  and  pay- 
ments shall  be  made  out  of  said  fund  only  upon  warrants  drawn 
against  the  said  "State  Highway  Fund"  by  the  State  Controller,  in 
the  name  of  the  person  or  persons  rendering  the  services  or  furnish- 
ing material  provided  for  in  this  Act;  and  the  State  Treasurer  is  hereby 
directed  and  authorized  to  pay  said  warrants. 

Section  5. — No  more  than  %%  of  the  money  derived  from  said 
"  State  Highway  Fund  "  shall  be  expended  in  any  one  county  of  the 
State  in  any  one  fiscal  year. 

Section  6.  — All  Acts  or  parts  of  Acts  in  conflict  with  the  provisions 
of  this  Act  are  hereby  repealed. 

Section  7. — This  Act  shall  take  effect  and  be  in  force  from  and  after 
its  passage. 

Chapter  CXVII,  Statutes  and  Amendments,  1897,  to  be  Amended  as 

Follows: 

Section  1. — The  width  of  tires  for  wheels  upon  wagons  or  other 
vehicles  to  be  used  upon  highways  in  the  State  of  California  shall  be, 
for  the  following  styles  of  wagons,  as  follows : 

1}  and  f-in.  steel  or  iron  axle;  2}  and  3-in.  steel  or  )  Not  less  than 
iron  thimble  skein  axle;  2£  and  2f-in.  tubular  axle,  f     2J-in.  tires. 

If  and  lj-in.  steel  and  iron  axle;  3J-in.  steel  or  iron  )  Not  less  than 
thimble  skein  axle;  2$-in.  tubular  axle.  J      3-in.  tires. 

All  other  vehicles  with  an  axle  greater  in  size  or  capacity  than 
those  above  enumerated  shall  have  tires  of  not  less  than  4  ins.  in 
width. 

Section  3  to  be  repealed. 

Section  4  to  be  numbered  3. 

Section  5  to  be  numbered  4. 


Sections  8  and  9  of  Chapter  CCLXXII  to  be  Amended  to  Read  as 

Follows: 

Section  8. — The  Department  of  Highways  shall  take  possession,  in 
the  name  of  the  State,  and  as  rapidly  as  the  funds  provided  therefor 
will  permit,  of  all  roads  which  have  been  or  may  be  declared  State 
Highways,  and,  in  oases  where  the  Legislature  may  define  the  general 
direction  and  route  of  a  State  Highway,  the  Department  shall  defi- 
nitely locate  the  same  upon  the  best  grades  and  alignments,  and  as 
closely  following  the  general  lines  defined  by  the  Legislature  as  the 
topography  of  the  country  will  permit,  and  in  consonance  with  the 
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best  interests  of  the  State;  and  whenever  the  looation  of  an  existing 
county  road,  or  any  portion  thereof,  is  such  that  it  may  be  properly 
defined  as  a  State  Highway,  or  a  portion  thereof,  then  the  location  of 
such  county  road  shall  be  utilized  for  said  State  Highway;  provided, 
that  all  highways  included  within  the  boundaries  of  the  lands  of  the 
State  institutions,  parks  or  reservations,  now  governed  by  bodies  spe- 
cified by  law,  are  hereby  expressly  excepted  from  the  jurisdiction  of 
said  Department. 

Section  9. — The  Department  of  Highways  shall  have  power  to  locate, 
construct,  and  maintain  State  Highways  to  the  extent  of  the  funds 
available;  and  to  this  end  advertise  for  and  let  all  contracts;  purchase, 
equip,  and  operate  the  necessary  quarries;  and  acquire  such  other 
property  necessary  for  the  construction  and  maintenance  of  the  roads 
provided  for.  Whenever  it  shall  become  necessary  to  construct  any 
part  of  the  System  of  State  Highways,  as  herein  provided  for,  the  cost 
of  which  exceeds  $500,  the  Department  of  Highways  must  have  plans, 
specifications,  and  estimates  therefor  in  triplicate,  and  must  advertise 
for  bids  for  a  period  of  two  weeks,  in  two  papers  of  general  circula- 
tion, and  which  shall  give  the  lowest  rate  for  publication,  published, 
one  at  the  point  nearest  to  where  the  work  is  to  be  performed,  and  one 
at  the  State  Capitol.  Said  advertisement  shall  be  in  the  following 
form: 

Department  of  Highways,  Sacramento,  Cal., ,  18. .. 

Sealed  bids  will  be  received  by  the  Department  of  Highways  of  the 
State  of  California,  at  its  office  in  the  State  Capitol,  Sacramento, 
until o'clock, M.,  18 . . ,  for in county,  California. 

Plans  and  specifications  for  said  work  are  on  file  in  the  office  of  said 

Department  and  in  the  office  of  the  County  Clerk  of County,  at 

,  Cal.,  to  which  bidders  are  hereby  referred. 

[seal.] 

Highway  Commissioner. 


These  recommendations  were  not  fully  considered  by  the  Legisla- 
ture of  1899.  This  was  a  year  in  which  a  senator  was  to  be  elected, 
which  duty  so  engrossed  the  time  of  the  Legislature  that  but  little 
else  was  thought  of. 

Time  was  found,  however,  to  re-enact  the  law  providing  for  the 
construction  of  an  important  link  of  road  between  the  easterly  end  of 
the  roads  leading  easterly  from  the  Yosemite  Valley  and  those  of  Mono 
County  on  the  other  side  of  the  Sierra  Nevada. 
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The  influence  of  so-called  political  considerations  gave  an  instruct- 
ive instance  in  the  drafting  of  this  Act.  The  roads  to  be  connected 
are  the  Tioga  Road  and  those  of  Mono  County,  in  the  basin  of  Lake 
Mono.  The  Tioga  Road  has  been  constructed  across  the  Sierras  at  an 
elevation  of  about  9  500  ft.,  and  into  the  basin  of  Mono  Lake,  at  the 
Tioga  Mine.    From  thence  three  possible  routes  exist: 

First. — Down  the  canon  of  Leevining  Creek; 

Second. — Northeasterly  again  over  the  crest  of  the  Sierras  at  an 
elevation  of  over  10  200  ft.,  and  down  the  canon  of  Mill  Creek  past  a 
mining  settlement  at  which  there  are  at  present  concentrated  some 
forty  votes; 

Third. — To  the  southeasterly,  also  over  the  crest  of  the  Sierras, 
through  Mono  Pass,  at  an  elevation  of  over  10  200  ft.,  and  down  Bloody 
Canon. 

All  considerations,  economy,  shortness  of  route,  lighter  grades, 
freedom  from  snow,  stability  of  roadbed,  suitability  of  materials,  and 
the  best  interests  of  the  state,  are  in  favor  of  the  first — the  Leevining 
Creek  route. 

These  facts  were  fully  brought  out ;  yet  the  legislator  who  drafted 
and  introduced  the  bill  could  not  be  induced  to  draw  it  so  as  to  apply 
to  the  best  route,  but  yielded  to  the  importunities  of  the  voters  on  the 
Mill  Creek  route,  and  drew  the  bill  so  that  the  diversion  of  the  fund 
to  that  route  could  be  possible.  At  this  date,  it  is  yet  possible  that 
the  best  of  the  routes  may,  through  these  influences,  be  abandoned  for 
the  worst.* 

The  attempt  to  introduce  method  in  road  building,  however,  has 
not  been  without  result;  a  much  better  understanding  is  had  through- 
out the  state,  and  many  practices  have  been  corrected.  It  must  be 
admitted,  however,  that  political  road  building  so  far  has  had  the  best 
of  the  struggle. 

*  Since  the  above  was  written,  the  U.  S.  Commission  on  Roads  in  the  Yoaemite 
National  Park  has  confirmed  the  selection  of  the  Leevining  Creek  route.  Pp.  11-14  of 
Report. 
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It  is  safe  to  say  that  there  are  in  existence  thousands  of  miles  of 
railway  track  the  original  center  line  of  which  may  be  described,  for 
the  purposes  of  this  paper,  as  a  series  of  tangents  connected  by  cir- 
cular curves.  Bight  of  way  was  secured  and  the  earthwork  com- 
pleted, using  this  center  line  as  the  base  of  measurement;  and,  finally, 
track  was  laid  to  the  same  center  line  and  the  whole  turned  over  to 
the  operating  department. 

A  subsequent  retracing  of  the  original  center  line  would  show  that 
it  had  been  found  necessary,  or  at  least  advisable,  to  deviate  from  it 
materially  in  order  to  secure  the  smooth  riding  of  trains.  Short  tan- 
gents, connecting  curves  turning  in  opposite  directions,  have  been 
shifted  at  each  end,  away  from  the  centers  of  these  curves,  thus  in- 
creasing the  total  amount  of  curvature;  or  the  points  of  curve  and 
tangent  have  been  moved  closer  together,  thus  decreasing  the  length 
of  the  straight  track  between  them.  In  the  latter  case  it  is  not  un- 
usual that  the  original  curve  has  been  materially  sharpened  at  the  end 
of  the  flat  curve  introduced;  and  cases  have  been  observed  in  which 

Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers  with  discussion 
in  full  will  be  published  in  Transactions. 


*  •  » :-     l 


,    >F   XX O  SURFACE  FOR  RAILWAY  CURVES.        [Papers. 

.„»,,  *  »«»•  *-**  ^IU>oUh1  at  a  point  a  short  distance  from  the  original 
;♦   .,uu  *o  ^nnire  a  lighter  approach  to  the  original  curve. 

•  m..\  m>'*  \*  an  attempt  to  indicate  what  was  wrong  with  the 
, ..  .:„«  <\ %itWk  tuu\  and  to  propose  simpler  means  for  correcting  the 
k , ,.  »a     Viu  Uuvn>  now  in  use. 

\  *u  oviuUtunui  to  be  met  are: 

•  ••  .v*.  Iho  method  must  be  of  the  simplest  kind  that  will  be  theo- 
M,U!K  ovaot,  and,  as  a  consequence,  practically  so.  If  the  most 
^iin»d  ouloulator  had  to  perform  in  the  field,  and  with  half -frozen 
nu^i*,  tho  operations  called  for  by  some  methods  he  would  appreciate 
i  lu>  importance  of  this  first  condition. 

Sti\>u<{.  -The  position  of  the  original  tangents  must  not  be  altered. 
It  ih  impracticable  to  shift  long  tangents,  and  the  shifting  of  short 
UuMoutH  involves  such  a  change  in  the  angles  of  intersection  that  the 
problem  becomes  indeterminate. 

'M*></.— The  length  of  the  center  line  must  not  be  altered  by  the 
lovmiou.  Grades,  distances  and  right-of-way  matters  require  this.  A 
multiplicity  of  long  and  short  stations  is  apt  to  be  a  never-ending 
Mouroo  of  future  uncertainty. 

Fourth.  —The  resulting  center  line,  and  the  changes  in  the  elevation 
of  the  outer  rail  involved  by  the  revision,  must  be  such  as  can  be  fol- 
lowed exactly  in  practice,  without  such  practical  alterations  as  are 
Hometimes  found  necessary  for  successful  operation. 

The  principles  involved  may  be  stated  as  follows:  In  order  to  im- 
part a  given  rate  of  motion  to  a  heavy  body,  a  force  must  be  used.  The 
h mailer  the  force,  the  less  will  be  the  jar  caused  by  it  while  acting. 
The  smallest  force  that  will  impart  the  given  motion  is  the  one  that 
acts  uniformly  during  the  entire  given  time.  The  total  amount  of 
motion  imparted  by  such  a  uniform  force  is  proportional  to  the 
square  of  the  time,  and  the  rate  of  motion  is  proportional  to  the 
time. 

The  motions  imparted  to  a  car  leaving  a  tangent  and  entering  a 
curve  are  two  in  a  horizontal  and  one  in  a  vertical  plane.  To  these 
motions  the  principles  given  hereinbefore  are  to  be  applied.  Each 
motion  being  taken  care  of  separately,  the  result  will  be  the  best  that 
can  be  gotten  oat  of  the  situation. 

The  first  motion  in  a  horizontal  plane  is  one  about  the  center  of  the 
curve.     Inasmuch  as  on  a  circular  curve  the  departure  from  a  tangent 
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at  a  given  point  is  initially  proportional  to  the  square  of  the  distance 
run,  this  motion  requires  no  treatment,  except  that,  in  order  to  make 
the  deviating  force  as  small  as  possible,  the  amount  of  deviation 
should  also  be  as  small  as  possible,  or  the  radius  of  curvature  as 
great  as  possible,  a  fact  which  is  well  recognized. 

The  second  motion  in  a  horizontal  plane  is  one  of  each  car  about 
its  own  center,  as  if  it  were  mounted  on  a  turn-table.  In  order  that 
the  force  producing  this  motion  be  as  small  as  possible,  as  stated  here- 
inbefore, the  amount  of  angular  deviation  must  be  proportional  to 
the  square  of  the  distance  run ;  the  speed  along  the  track  being  uni- 
form. This  may  be  accomplished  by  using  such  an  approach  curve 
that  its  tangential  angle  at  any  point  is  proportional  to  the  square  of 
the  distance  of  such  point  from  the  P.  C,  measured  on  the  arc. 

The  motion  in  a  vertical  plane  is  that  caused  by  the  deviation  of 
the  car  from  the  vertical,  due  to  the  elevation  of  the  outer  rail.  If  it 
be  assumed  that  the  angular  departure  from  the  vertical  is  propor- 
tional to  this  elevation,  then  this  elevation  must  vary  as  the  square  of  the 
distance  run  until  a  certain  rate  of  motion  is  attained.  The  line  of 
increase  in  elevation  may  then  become  straight,  continuing  so  until  it 
is  necessary  to  stop  the  motion,  when  the  motion  is  to  be  eased  off  in 
the  same  manner  that  it  was  created. 

Revisions  of  a  center  line,  as  herein  indicated,  can  be  made  much 
more  advantageously  prior  to  the  construction  of  a  railway  than  sub- 
sequently, as  then  they  can  be  made  on  a  scale  commensurate  with 
the  dignity  of  the  undertaking.  There  is  no  better  way  to  project 
locations  of  railway,  in  a  difficult  country,  than  with  circular  curves 
on  contour  maps.  In  revising  the  center  line  of  existing  track,  circu- 
lar curves  are  the  subjects  of  revision.  A  circular  curve  has  then  been 
made  the  basis  of  revision  on  the  lines  suggested,  and  the  results  ob- 
tained, all  of  which  are  in  strict  accordance  with  the  conditions  and 
principles  before  mentioned,  are  shown  in  Figs.  1  and  2. 

These  figures  are  intended  to  be  clear  as  to  their  presentation  of  the 
subject,  though  necessarily  any  new  method  requires  some  additional 
explanation.  The  following  examples  will  make  the  matter  quite 
clear 

Fig.  1  treats  of  such  revisions  of  a  circular  curve  as  require  a 
middle  circular  curve  to  connect  the  spirals. 
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Fig.  2  considers  curves  made  up  of  spirals  only,  as  would  be  tiie 
case  in  short  curves  generally,  or  in  comparatively  long  curves  when 
liberally  treated,  and  when  the  increase  of  curvature  (39%)  does  not 
prohibit. 

There  may  be,  for  instance,  a  6°  curve  for  twenty  stations,  the  total 
angle  of  intersection  being  120  degrees.    If  the  tangential  angle  of 
each  spiral  be  assumed  as  being  90°,  then  B  =  J,   and  B  =  1.108; 
so  that,  for  the  degree  of  curvature  for  the  middle  curve,  M  =  6.648°, 
or  6°  39 '. 

For  the  distance  from  the  P.  C.  of  the  original  curve  to  the  P.  G. 
of  the  spiral,  measured  on  the  tangent,  D  =  3.538,  or  353.8  ft. 

For  the  angle  of  deflection  from  the  original  tangent,  to  be  used  to 
set  a  stake  100  ft.  from  the  P.  0.  of  the  spiral,  A  =  0.1228,  or  0°  7.37' 

For  the  length  of  the  spiral  Z  =  9.025,  or  902.5  ft.,  all  being  figured 
from  the  formulas  given  in  Fig.  1. 

As  this  spiral  extends  through  nine  stations,  the  deflections,  for 
each  station,  successively,  are  0°  7',  0°  29',  1°  6',  1°  58',  3°  4',  4°  25', 
6°  1',  7°  52'  and  9°  55'.  Then  the  deflection  for  902.5  ft.,  or  the  total 
length  of  the  spiral,  is  one- third  of  the  assumed  tangential  angle,  or 
10°,  and  the  tangential  angle  30°,  as  assumed.  Spirals  can  be  run  in 
thus  from  both  tangents,  and  then  connected  by  a  6°  39'  curve  between 
them  for  the  remaining  60°  of  total  angle. 

It  may  be  noted  that  the  length  of  the  revised  line  is  2707.5  ft.,  as 
compared  with  2707. 6  ft.  by  the  original  line,  measured  in  both  cases 
between  the  P.  C.  and  P.  T.  of  spirals.  Also,  that  both  lines,  as  pro- 
jected on  the  long  chord  connecting  the  P.  C.  and  P.  T.  of  spirals, 
agree  as  to  length,  2008.6  ft.  The  second  and  third  conditions,  there- 
fore, are  complied  with. 

If  the  spirals  in  this  case  be  thought  unnecessarily  long,  the  tan- 
gential angle  of  each  spiral  could  be  assumed  as  being,  say,  15°,  in 
which  case  B  =  J.     Then,  from  Fig.  1, 

M  =6.1700,  or  6°  10'; 
D  =2.156,     or  215.6  ft.; 
A  =0.2115,  or  0°  12.7'; 
L  =  4.862,    or  486.2  ft. 

It  may  be  desired  to  revise  a  circular  curve  in  such  manner  that  the 
revised  line  will  be  all  spiral,  as  shown  in  Fig.  2.  In  a  10°  curve  for 
600  ft.,  or  60°,  we  have,  by  substitution. 
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Jf=13.9°,  or  13°  54»; 
D  =  1.316,    or  131.6  ft  ; 
4=0.5367,  or  0°  32.2'; 
L  =4.316,    or  413.6  ft. 

The  theoretical  elevation,  in  inches,  E9  for  a  given  degree  of  curva- 
ture, D,  and  speed,  in  miles  per  hour,  S,  may  be  found  by  the  formula, 

S2  D 
JE=    Rnft.     It  is  not  the  province  of  this  paper  to  attempt  to  pre- 
scribe a  certain  elevation  for  a  given  degree  of  curvature  and  speed, 
because  there  is  room  for  a  considerable  difference  of  opinion  on  this 
subject. 

This  is  due  to  the  fact  that  it  is  the  manner  of  attaining  an  assumed 
elevation,  and  the  uniformity  with  which  it  is  maintained  when  reached, 
that  is  of  prime  importance,  rather  than  the  absolute  elevation  itself. 
This  will  be  evident  from  the  consideration  of  a  piece  of  straight  track, 
perfect  in  all  respects  except  that  one  rail  is  1  in.  lower  than  the  other 
for  a  space  of,  say,  a  mile.  This  will  be  the  best  riding  piece  of  track  on 
its  division — better  perhaps  than  if  the  rails  were  on  the  same  level — 
because  the  wheel  flanges  will  run  close  to  the  low  rail  rather  than 
deviate  from  rail  to  rail,  while  the  difference  of  elevation  will  be  almost, 
if  not  quite,  imperceptible  to  anyone  in  an  ordinary  car.  If  this  be 
granted,  and  it  will  be  found  correct,  1  in.  more  or  less  than  the 
theoretical  elevation  cuts  no  figure,  as  far  as  smooth  riding  is  con- 
cerned, after  proper  approach  curves  have  been  provided. 

It  will  be  seen  from  Figs.  1  and  2  that  elevation  is  given  the  outer 
rail  at  the  P.  C.  of  the  spiral,  notwithstanding  the  fact  that  the  radius 
of  curvature  there  is  infinite.  This  is  done  because  a  car  is  not  a  rigid 
body  with  respect  to  its  trucks,  and,  in  order  to  impart  a  given  motion 
to  the  body  of  the  car,  such  motion  must  be  imparted  to  the  trucks  in 
advance  of  the  time  when  it  will  be  required  by  the  car  itself.  Further, 
it  will  be  seen  that  it  is  impossible  to  provide  proper  vertical  curves  at 
the  ends  of  the  grade  of  elevation  unless  either  an  elevation  of  the 
outer  rail  be  given  at  the  P.  C,  or  the  rate  of  grade  increased.  The 
vertical  curves  used  in  the  easements  to  the  elevation  grades  in  the 
illustrations  are  common  parabolas. 

If  a  point  be  taken  on  a  given  tangent,  and  a  polygonal  segment, 
with  100-ft.  sides,  be  staked  out  therefrom,  such  that  the  angle  between 
the  first  side  and  the  tangent  is  A  degrees,  the  angle  between  the  tan- 
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gent  and  the  end  of  the  second  side  is  4  A  degrees,  or,  to  the  end  of  *» 
sides,  n2  A  degrees,  and  pass  a  carve  through  the  apices  of  this  polygon, 
the  result  will  be  the  spiral  of  this  paper.  This  curve  is  not  a  cubio 
parabola,  but  departs  from  its  tangent  at  a  more  rapid  rate.  Conse- 
quently, the  properties  ascribed  to  it  in  Figs.  1  and  2  can  be  so 
ascribed  with  much  more  accuracy  than  would  be  the  case  with  the 
cubio  parabola.  It  fulfills  accurately  the  assumed  conditions,  and  is 
capable  of  being  harnessed  in  such  way  that  the  resulting  formulas 
are  much  simpler,  being  free  from  even  the  ordinary  trigonometrical 
functions,  as  may  be  seen  from  the  illustrations.  i^ZVB 

The  writer  will  not  herein  go  over  the  reductions  necessary  for  the 
production  of  the  given  formulas,  but  will  leave  them,  in  the  hope 
that  they  may  be  found  useful  in  a  field  where  little  has  been  done, 
though  much  is  desired. 
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It  may  be,  that,  when  drilling  for  water,  oil  is  struck  instead.  Thus 
it  was  when  the  writer  was  reading  the  discussion  on  the  paper*  by 
Leonard  Metcalf ,  Assoc.  M.  Am.  Soc.  G.  E. ,  he  came  upon  Mr.  James 
Owen's  vehement  denouncement  of  an  engineer  taking  out  a  patent 
upon  any  meritorious  product  of  his  brain  and  energy ,  and,  for  the  first 
time  in  his  limited  professional  career,  had  "the  law  laid  down  "  to 
him,  that  such  was  a  gross  violation  of  professional  ethics.  Thinking 
that  others  in  the  profession  may  be  as  benighted  as  he  upon  what 
might  be,  to  some,  a  most  momentous  question,  is  his  apology  for 
inviting  a  discussion  of  this  subject. 

The  writer  would  state,  at  the  outset,  that  he  has  never  applied 
for  'a  patent  upon  any  article  whatsoever,  not  even  for  a  washing 
machine  or  a  car  coupler,  the  two  articles  whioh  keep  the  Patent 
Office  working  overtime;  and  will  further  state  that  he  has  no  patent- 

•"The  Antecedents  of  the  Septic  Tank,"  Transactions,  Am.  Soc.  C.  E.,  Vol.  xlvi, 
p.  468. 

N  otb.— These  paper?  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  m  a 
subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers  with  discussion 
in  full  will  be  published  in  Transactions. 
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able  schemes  in  sight  at  the  present  writing.  His  presentation  of  the 
subject  is,  therefore,  from  an  unbiased  and  unprejudiced  point  of 
view,  and  whatever  opinions  he  may  advance  are  entirely  impersonal. 

Someone  once  said,  and  most  truly,  too,  that  an  engineer's  capital 
consists  of  his  brains.  His  brains  make  up  his  stock  in  trade;  his  brains, 
or  rather  their  products,  he  sells.  Others  may  sell  the  products  of 
their  mills  and  factories;  the  engineer  sells  the  products  of  his 
trained  intellect — no  other  goods  has  he  to  place  upon  the  marts 
of  trade.  Wherefore  should  he  then  be  debarred  from  selling  those 
products  to  the  best  advantage  to  himself,  provided  always  that  they 
are  sold  "  openly  and  above  board  "  and  not  sneaked  into  a  piece  of 
work  or  a  contract?  By  the  latter  terms  the  writer  means  that  it 
would  be  manifestly  wrong  for  an  engineer  in  authority  to  specify 
absolutely  the  use  of  certain  devices  or  articles  of  which  he  was 
patentee  and  owner.  Let  his  employer  do  that,  if  the  articles  or  devices 
in  question  are  so  meritorious  that  they  deserve  exclusive  recognition. 
It  might  also  be  questionable  for  an  engineer  to  patent  a  device 
worked  out  while  in  the  employ  of  a  client;  for  it  may  be,  as  Mr. 
Owen  says,  that  in  that  case,  the  invention  would  belong  to  the 
client  and  not  to  the  engineer.  That,  however,  seems  to  be  more 
a  point  of  law  than  of  ethics,  and  is  not  germane  to  the  present  dis- 
cussion. 

The  point  at  issue,  then,  simmers  down  to  the  question:  Can  an 
engineer,  working  on  his  own  lines,  patent  any  device,  whioh  he  may 
discover  or  invent,  without  a  violation  of  the  ethics  of  the  engineer- 
ing profession? 

Common  sense  answers   "  Yes,"  unreservedly,    but  Ethics   may 
answer,  just  as  emphatically,  "No." 

Let  it  be  supposed,  and  the  supposition  is  within  the  bounds  of 
both  possibility  and  probability,  that  an  eminent  engineer,  one  of  the 
leading  lights  of  the  profession,  should,  by  chance,  stumble  upon  a- 
decided  improvement  in  egg-beaters.  Would  he  debase  the  ethics  of 
his  profession  by  taking  out  a  patent  on  his  discovery  or  invention? 
The  writer  hardly  thinks  that  the  engineering  world  would  decry 
such  an  action;  w^  -  hen,  should  it  object  to  his  taking  out  a  patent 
on  a  new  and  improved  method  of  rolling  steel  rails,  on  an  improve- 
ment in  the  valve  gear  of  an  engine,  or  on  the  construction  of  a  freight 
car.     There  seems  to  be  no  reason,  except  intangible  "Ethics,"  and 
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ethics,  like  charity,  may  be  stretched  indefinitely  to  cover  a  multitude 
of  things,  even  so  far  as  to  become  a  veritable  bogie  man  and  a  hamper 
to  the  "younger"  members  of  the  profession;  and,  in  passing,  it 
may,  perhaps,  be  worth  while  to  note  that  to  some  of  the  "  younger 
members  "  may  be  given  the  credit  for  some  of  the  most  valuable  dis- 
coveries of  the  engineering  world.  For  example,  W.  J.  M.  Rankine 
is  considered,  the  writer  believes,  quite  an  authority  on  more  than  one 
engineering  subject,  yet  even  at  the  time  of  his  death  he  was  little 
more  than  a  "  young  "  member  of  the  profession. 

To  look  at  the  matter  in  another  light:  Perhaps  for  an  engineer  to 
patent  an  invention  shows  a  spirit  too  "  money -grasping,"  instead  of 
working  for  the  good  of  mankind.  That  is  a  pretty  theory,  but  it  will 
hardly  hold  water  when  put  alongside  of  the  bills  rendered  for  expert 
engineering  opinion  and  advice.  Do  not  think  from  this  that  the 
writer  is  an  advocate  of  "  cheap  "  work.  Like  the  rest  of  his  profes- 
sional brothers,  he  is  not  working  for  his  health,  and  he  believes  that 
an  engineer  should  receive  full  compensation  for  any  knowledge  that 
he  may  have  to  sell.  Whether  the  engineer  can  pass  an  opinion  at  a 
moment's  notice,  or  whether  it  will  take  a  month  of  patient  research 
to  reach  the  same  conclusion,  makes  no  difference  to  the  client.  The 
opinion  is  what  he  wants;  and  if  his  engineer  is  so  well  posted  that  he 
can  give  it  at  once,  it  is  simply  so  much  the  better  for  the  engineer. 
He  has  the  goods,  he  can  deliver  them  promptly,  and  should  be  paid 
accordingly. 

The  writer  hardly  thinks  it  will  be  contended  that  an  engineer  is 
not  in  business  for  all  the  money  he  can  make  in  an  honorable  and 
legitimate  manner.  Such  a  contention  would  be  foolish  in  the  ex- 
treme, with  a  few  very  rare  exceptions;  and  he  also  feels  assured  that 
every  engineer  has  a  contempt  for  the  quacks  and  "  cut-throats"  who 
are  in  this,  as  in  every  other  profession;  and  further,  that  all  engineers 
are  willing  and  anxious  to  see  their  brethren  get  just  and  full  recom- 
pense for  their  services,  so  that,  in  spite  of  all  that  may  be  said  to  the 
contrary,  engineers  are  simply  business  men,  and,  as  such,  are  en- 
titled to  full  compensation  for  their  wares,  the  products  of  their 
brains. 

Again,  the  writer  does  not  see  or  hear  of  any  objection  being 
raised  when  an  engineer  copyrights  a  book  which  he  writes  or  even 
compiles,  yet,  wherein,  pray,  is  to  be  drawn  the  fine  distinction  be- 
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tween  a  patent  and  a  copyright?  An  article,  a  device,  a  method  of  man- 
ufacture may  be  "  patented,"  whereas  a  book  may  be  "  copyrighted.'* 
In  either  case  others  than  the  owners  of  the  patent  or  copyright  are 
restrained  from  using  the  article  or  the  contents  of  the  book  without 
compensation,  in  one  form  or  another,  being  paid  to  the  holder  of  the 
patent  or  the  copyright.  Patent!  Copyright!  One  all  wrong;  one 
all  right!    Rather  a  case  of  Tweedledum  and  Tweedledee,  isn't  it? 

The  writer  would  not  have  to  go  very  far  to  find  one,  or  more,  en- 
gineers, leading  ones  in  the  profession,  too,  who  are  directly  inter- 
ested in  patented  articles,  and  they  are  not  "  younger  members  "  of  the 
profession,  either.  Furthermore,  the  writer  does  not  believe  that 
they  have  in  the  least  violated  the  ethics  of  the  profession  of  which 
they  are  to-day  ornaments. 

It  is  virtually  impossible  to  name  a  book  or  treatise,  written  by  an 
engineer,  which  is  not  protected  by  copyright. 

In  conclusion,  it  may  be  stated  that  the  very  words  condemn- 
ing the  taking  out  of  patents  by  engineers,  the  very  sentences  which 
caused  the  writing  of  this  article,  are,  themselves,  "  patented,"  and 
to  reproduce  them  the  publisher  of  the  reproduction  must  pay,  not 
in  money  it  is  true,  but  by  printing  also  the  full  title  of  the  paper 
from  which  they  are  taken,  the  name  of  the  author,  etc.,  according  to 
the  following,  which  is  found  on  the  title  page  of  the  "Proceedings 
of  the  American  Society  of  Civil  Engineers,"  to  wit: 

"Reprints  from  this  publication,  which  is  copyrighted,  may  be 
made  on  condition  that  the  full  title  of  Paper,  name  of  Author,  page 
reference,  and  date  of  presentation  to  the  Society,  are  given." 
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THE  STIFFENING  SYSTEM   OF   LONG-SPAN  SUS 
PENSION   BRIDGES   FOR   RAILWAY  TRAINS. 


By  Joseph  Mayer,  M.  Am.  Soc.  0.  E. 
To  be  Pbesented  Apbtjl  16th,  1902. 


The  improvements  in  the  quality  of  the  materials  used  for  the  con- 
struction of  bridges  have  gradually  increased  the  largest  practicable 
distance  between  the  piers,  or  the  length  of  span.  This  is  from  200  to 
300  ft.  for  stone,  concrete  and  timber  bridges,  and  a  maximum  of  2  000 
ft.  for  bridges  of  the  best  structural  steel  now  obtainable. 

The  progress  in  the  manufacture  of  steel  wire  has  made  it  practi- 
cable to  construct  bridges  of  a  span  of  over  3  000  ft.  Long-span 
bridges  generally  cross  navigable  waters,  where  the  difficulty  of  erec- 
tion limits  the  choice  to  cantilever  or  suspension  bridges.  Different 
locations  offer  unequal  advantages  for  the  two  types.  In  some  loca- 
tions natural  rock  can  be  used  for  the  anchorages  of  a  suspension 
bridge;  in  others,  these  anchorages  have  to  be  built  of  concrete  or 
masonry  on  deep  and  expensive  foundations.  It  is,  therefore,  impos- 
sible to  fix  accurately  the  limits  of  span  for  the  economical  use  of  the 
two  types  without  investigating  the  proposed  site. 

Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers  with  discussion 
in  full  will  be  published  in  Transactions. 
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Another  factor  of  prime  importance,  extending  or  limiting  the 
field  for  the  economical  use  of  suspension  bridges,  is  the  nature  of 
the  moving  load  and  the  permissible  maximum  grade  on  the  structure. 
If  the  moving  load  consists  of  street  cars,  wagons,  carriages  and  peo- 
ple on  roadways  and  sidewalks,  the  bridge  will  generally  be  nearly 
uniformly  loaded  over  its  whole  length,  and  a  grade  of  &%  is  unob- 
jectionable. If  the  bridge  is  for  railroad  trains  the  moving  load  will 
often  cover  only  a  part  of  its  length,  the  other  part  being  entirely 
unloaded,  and  a  grade  of  more  than  \%  may  be  very  objectionable. 

The  unequal  loading  of  different  spans,  or  of  different  parts  of  the 
same  span,  of  a  suspension  bridge,  is  the  most  important  cause  of  its 
deformation.  The  permissible  maximum  grade  is  the  main  factor  that 
fixes  the  allowable  deformation. 

To  diminish  the  deformation  of  a  suspension  bridge  under  unequal 
loading,  a  stiffening  system  is  required.  This  will  be  heavy  when 
there  is  very  unequal  loading  over  the  length  of  the  bridge  and  when 
the  permissible  deformation  is  small.  It  will  be  light  when  the  load 
is  nearly  uniform  over  the  length  of  the  bridge  and  when  the  permis- 
sible deformation  is  great.  The  former  is  the  case  for  railroad  bridges; 
the  latter,  for  highway  bridges.  This  is  the  main  reason  why  highway 
suspension  bridges  are  economical  for  nearly  all  spans  when  the  site 
is  favorable  for  the  anchorages,  while  railway  suspension  bridges  are 
economical  only  for  very  long  spans. 

When  the  span  exceeds  800  ft.  the  conditions  must  be  extremely 
unfavorable  for  the  anchorages  to  make  a  highway  suspension  bridge 
uneconomical.  When  the  span  exceeds  1  500  ft.  a  railway  suspension 
bridge  becomes  economical  with  natural  rock  anchorages.  When  the 
span  exceeds  2  000  ft.  the  suspension  bridge  is  the  only  practicable 
type. 

The  essential  feature  characterizing  and  distinguishing  a  long-span 
suspension  bridge  consists  in  one  or  more  carrying  cables,  of  steel 
wires  or  wire  ropes,  attached  to  anchorages  at  the  ends  and  passing 
over  supporting  towers.  These  cables  take  the  place  of  the  tension 
chords  of  a  truss  bridge,  while  the  compression  chords  are  replaced 
by  the  anchorages.  The  web  system  of  a  truss  bridge  is  replaced, 
either  by  suspended  stiffening  trasses,  or  by  bracing  between  cables 
placed  above  each  other  in  vertical  or  nearly  vertical  planes.  The 
cables  in  the  latter  case  are  the  chords  of  the  stiffening  trasses. 
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The  cables  between  the  towers  and  the  anchorages  may  be  used  to 
support  the  shore  spans,  as  in  the  existing  New  York  and  Brooklyn 
Bridge,  or  the  shore  spans  may  be  either  partly  or  wholly  supported 
by  piers.  The  cables,  in  the  last  case,  pass  in  nearly  straight  lines 
from  the  towers  to  the  anchorages.  There  may  be  moving  or  fixed 
saddles  on  the  top  of  the  towers  to  receive  the  cables.  In  the  latter 
case  the  towers  oscillate  with  their  expansion  and  contraction.  The 
cables  may  be  in  vertical  planes  or  in  slightly  inclined  planes;  in  the 
latter  case  they  are  said  to  be  cradled. 

The  stiffening  trusses  may  be  continuous  at  the  towers  and  in  the 
center  of  the  main  span,  or  they  may  have  two  or  three  hinges;  they 
may  have  a  depth  equal  to  one-twentieth  of  the  length  of  the  main 
span,  or  their  depth  may  be  only  one-one  hundredth,  or  less,  of  this 
length.     There  may  be  two  or  more  stiffening  trusses. 

Other  methods  of  stiffening  long-span  suspension  bridges  are  pos- 
sible, but  will  not  be  considered,  as  their  inferiority  is  now  generally 
conceded. 

Suspension  bridges  for  railways  differ  from  those  for  highways  by 
the  greater  amount  of  the  forces  tending  to  produce  deformation,  and 
by  the  smaller  deformation  that  is  permissible.  Their  stiffening  sys- 
tem, therefore,  is  of  much  more  importance  than  that  of  highway 
suspension  bridges.  It  is,  at  the  same  time,  the  feature  about  which 
there  is  the  greatest  difference  of  opinion  among  engineers,  showing 
itself  in  fundamental  differences  in  the  designs  proposed.  The 
writer,  therefore,  has  selected  the  stiffening  system  for  discussion. 
Only  two  types  of  stiffening  systems  will  here  be  considered:  Sus- 
pended stiffening  trusses,  and  braced  cables.  For  both  of  them  the 
questions  arise:  Whether  to  use  hinges  or  not;  and  the  proper  depth 
between  the  chords  of  the  stiffening  trusses. 

Suspension  bridges,  especially  those  with  braced  cables,  have 
many  features  in  common  with  arches.  In  both  suspension  bridges 
and  arches  the  end  reactions  have  a  horizontal  component;  in  truss 
bridges,  they  are  vertical.  While  suspension  bridges  tend  to  pull  their 
anchorages  toward  each  other,  arches  tend  to  push  their  abutments 
apart.  The  calculations  of  the  stresses  of  arches  and  of  the  main  span 
of  suspension  bridges  with  braced  cables  are  nearly  alike.  Inferences, 
therefore,  have  been  drawn  from  the  general  dimensions  of  arches 
that  have  proved  satisfactory  to  the  best  general  dimensions  of  sus- 
pension bridges. 
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Two  Tery  important  differences  between  long-span  suspension 
bridges  and  arches,  however,  have  a  direct  bearing  on  the  determina- 
tion of  the  best  general  dimensions  of  the  former.  The  ends  of  the 
main  span  of  a  suspension  bridge  are  supported  on  high  towers  and 
connected  with  the  anchorages  in  their  rear  by  elastic  cables.  These 
ends,  therefore,  are  far  from  fixed  in  position.  The  ends  of  arches  are 
practically  fixed.  The  cables  of  long-span  suspension  bridges,  corre- 
sponding to  the  chords  of  a  steel-arch  bridge,  are  made  of  wire  having 
an  elastic  strength  three  to  four  times  as  large  as  that  of  the  struct- 
ural steel  of  the  chords  of  the  arch.  The  permissible  unit  stresses  in 
the  cables  and  the  consequent  deformations,  therefore,  are  very  much 
larger  than  the  unit  stresses  in  the  chords  of  an  arch  bridge  and  its 
deformations. 

These  two  differences  between  arch  and  suspension  bridges,  both 
having  the  effect  of  largely  increasing  the  deformations  of  a  suspen- 
sion in  comparison  with  that  of  an  arch  bridge  of  similar  general 
dimensions,  are  evidently  important  in  determining  those  general 
dimensions  which  will  keep  the  deformations  within  given  narrow 
limits.  No  reliable  inferences,  therefore,  can  be  drawn  from  the 
proper  general  dimensions  of  arches  to  those  of  suspension  bridges. 

The  deformations  of  ordinary  truss  and  cantilever  bridges,  pro- 
duced by  loads  and  changes  of  temperature,  are  of  little  importance 
in  determining  the  general  dimensions;  they  become  important  in 
arches  with  less  than  three  hinges,  and  they  are  the  governing  factor  in 
suspension  bridges. 

The  advantages  of  the  various  types  and  general  dimensions  of  sus- 
pension bridges  can  only  be  shown  on  concrete  examples.  There  exist 
no  suspension  bridges  of  the  kind  here  considered.  A  great  amount 
of  thought,  however,  has  been  expended  to  develop  a  satisfactory 
design  for  a  suspension  bridge  for  railroad  trains  across  the  Hudson 
River,  in  New  York  City. 

These  designs  furnish  the  concrete  material  on  which  the  arguments 
for  the  various  types  can  be  tested.  Such  a  bridge  should  enable  the 
long-distance  passenger  trains  of  the  railroads  having  terminals  across 
the  Hudson  to  come  to  a  central  station  in  the  hotel  and  residence 
district  of  New  York  City.  It  should  enable  the  New  York  Rapid 
Transit  trains  and  the  surface  cars  to  proceed  to  the  suburbs  in  New 
Jersey  so  as  to  give  direct  communication,  without  change,  between 
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all  parts  of  New  York  City  and  the  New  Jersey  suburbs.  It  might 
also  be  used  to  some  extent  by  freight  trains,  especially  if  a  proper 
freight  approach  can  be  secured  in  New  York  City.  It  is  evident  that 
many  tracks  will  be  required  to  perform  this  service. 

There  will  be  needed:  Two  tracks  for  freight  trains,  if  freight  busi- 
ness is  contemplated;  six  tracks  for  accommodating  the  suburban 
traffic,  mostly  with  lower  New  York  (this  traffic  would  use  the  ele- 
vated and  underground  roads) ;  two  tracks  for  surface  cars  connect- 
ing the  near  regions  east  and  west  of  the  bridge;  two  tracks  for 
long-distance  passenger  trains  going  to  a  central  station. 

The  bridge,  therefore,  should  have  ten  passenger  tracks,  and 
perhaps  two  freight  tracks. 

For  the  purpose  of  comparing  the  merits  of  various  types  for  a 
bridge  across  the  Hudson,  the  writer,  therefore,  will  use  a  bridge 
having  twelve  tracks,  of  which  two  are  for  freight  trains,  two  for  long- 
distance passenger  trains,  six  for  trains  of  the  elevated  and  under- 
ground roads  of  New  York  City  and  two  for  surface  cars. 

Suoh  a  bridge  has  sufficient  capacity  for  the  business  it  can  secure 
in  the  near  future.  The  distant  future  may  bring  other  competing 
bridges  or  tunnels,  therefore  it  need  not  be  considered. 

The  moving  load  would  consist  of  two  freight  trains,  each  1  000  ft. 
long  and  weighing  3  000  lbs.  per  linear  foot;  two  long-distance  pas- 
senger trains,  each  1  000  ft.  long  and  weighing  1  500  lbs.  per  linear 
foot;  six  Rapid  Transit  electric  trains,  each  500  ft.  long  and  weighing 
1  200  lbs.  per  linear  foot. 

The  surface  cars,  on  the  two  tracks  provided  for  them,  should  run 
at  a  speed  of  at  least  15  miles  per  hour.  They  would,  therefore,  be 
twice  as  far  apart  as  on  the  street  approach;  a  distance  of  100  ft.  from 
center  to  center  of  cars  would  be  closer  than  practicable.  This  dis- 
tance, with  cars  weighing  40  000  lbs. ,  gives  a  load  of  400  lbs.  per  linear 
foot  of  track. 

For  the  calculation  of  the  cables,  anchorages  and  the  towers 
above  the  floor  level  this  load  is  equivalent  to  8  421  lbs.  per  linear 
foot  of  bridge,  covering  the  whole  length  of  the  main  span.  The 
writer,  therefore,  will  assume  a  moving  load  of  8  500  lbs.  per  linear 
foot  of  bridge  for  these  calculations. 

For  the  calculation  of  the  stiffening  trusses,  the  loads  on  the  sur- 
face-car tracks  may  be  neglected,  as  they  are  nearly  uniformly  dis- 
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tributed  over  the  length  of  the  bridge.  The  stresses  produced  by  the 
trains  1  000  ft.  long  and  those  produced  by  the  trains  500  ft.  long 
would  have  to  be  separately  calculated  and  then  added,  if  the  exact 
stresses  corresponding  to  these  loads  are  wanted.  No  equivalent  load 
of  one  length  will  give  the  same  stresses  in  every  member  of  the  stiffen- 
ing trusses  as  the  two  loads  of  different  lengths. 

For  the  purpose  of  comparing  the  total  weights  of  different  de- 
signs, an  equivalent  load,  giving  the  same  average  stresses  and  total 
weights  as  the  two  loads  of  different  lengths,  may  be  found. 

In  a  span  of  2  800  ft.,  from  center  to  center  of  end  hinges,  a  train 
500  ft  long  will  give,  on  an  average,  stresses  about  64%  as  large  as 
those  produced  by  a  train  1  009  ft.  long  of  the  same  weight  per  linear 
foot.  The  equivalent  load  of  1  000  ft  length  for  the  calculation  of  the 
stiffening  trusses,  therefore,  is  13  GOO  lbs.  per  linear  foot  of  bridge. 
This  load  cannot  be  used  for  finding  the  correct  stresses  in  the  dif- 
ferent truss  members,  but  only  for  finding  the  total  weights  of  the 
trusses. 

For  a  bridge  of  2  800  ft.  span  between  the  end- hinges  of  the  stiff- 
ening trusses  the  total  dead  load  of  the  main  span,  inclusive  of  the 
cables  and  suspenders,  and  500  lbs.  per  linear  foot  of  bridge  for  pipes, 
etc.,  is  28  000 lbs.  per  linear  foot.  This  is  the  result  of  an  exact  esti- 
mate based  on  an  actual  design  with  deep  three-hinged  stiffening 
trusses. 

With  these  data  it  is  now  possible  to  determine  the  deformations 
of  the  bridge  caused  by  the  moving  loads  and  changes  of  temperature, 
and  to  estimate  the  importance  of  the  deformations  in  selecting  the 
design. 

The  bridge  here  considered  has  a  span  of  2  850  ft.  from  center  to 
center  of  towers.  We  will  first  consider  a  design  with  deep,  three- 
hinged  stiffening  trusses,  and  with  the  shore  spans  supported  on 
piers. 

The  rear  cables  are  1  395  and  1  851  ft.  long.  The  dip  of  the  cables 
of  the  main  span  is  one-eighth  of  the  span  from  center  to  center  of  the 
towers.  The  ends  of  the  cables  are  500  ft.  lower  than  their  highest 
points  at  the  towers.  The  drop  of  the  cables  at  the  center  of  the  main 
span,  due  to  a  rise  of  temperature  of  120°,  is  7.4  ft.  If  it  be  assumed 
that  wire  having  an  elastic  limit  of  170  000  lbs.,  and  an  ultimate  strength 
of  at  least  200  000  lbs.  per  square  inch,  is  used  in  the  cables;  and  if 
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the  cables  are  properly  designed,  so  that  the  bending  stresses  in  them 
are  small  and  well  known,  a  nnit  stress,  for  dead  and  live  load,  of 
70  000  lbs.  per  square  inch  may  be  taken.     The  unit  stress  from  live 

load  alone  will  then  be  Q„  gnA  x  70  000  =  16  300  lbs.  per  square  inch. 

ob  DUU 

The  rear  spans  of  the  cables  are  1  740  and  1  260  ft.  long.  The  weight 
of  the  rear  cables  is  6  400  lbs.  per  linear  foot  of  bridge.  From  these 
data  the  drop  of  the  cables  at  the  center  of  the  main  span  due  to  the 
moving  load  has  been  calculated.  It  is  6.4  ft.  The  total  variation  in 
the  elevation  of  the  cables  at  the  center  of  the  main  span,  therefore, 
is  13.8  ft. 

If  the  tracks  are  level  in  the  lowest  position,  the  grade  in  the 
highest  position  of  the  main  span  will  be  practically  uniform,  and 
equal  to  1%,  rising  from  the  towers  to  the  center  of  the  span.  It  is 
assumed  that  the  stiffening  trusses  have  three  hinges.  If  they  are  140 
ft.  deep  in  the  center  of  the  half  spans  and  60  ft.  deep  at  the  towers 
and  the  center  of  the  span,  then  the  upward  bending  of  each  half 
span  for  the  highest  position  of  the  main  span  is  only  }  in.  above  the 
curve  for  the  mean  load  and  temperature.  The  stiffening  trusses  of 
each  half  span  remain  practically  straight  for  uniform  moving  loads 
of  any  amount  and  for  all  temperatures. 

If  the  stiffening  trusses  have  only  two  end  hinges  and  no  center 
hinge,  and  if  the  tracks  are  level  in  the  lowest  position  of  the  main 
span,  then  the  whole  span  will  deflect  approximately  in  the  aro  of  a 
circle.  The  grade  at  the  towers  will  be  2%  in  the  highest  position  of 
the  main  span,  and  will  gradually  decrease  to  nothing  at  the  center  of 
the  main  span.  If  the  stiffening  trusses  were  fixed  at  the  towers  and 
without  a  center  hinge,  the  maximum  grade  would  be  2%,  but  it  would 
occur  near  the  center  of  each  half  span. 

Three-hinged,  deep,  stiffening  trusses,  therefore,  have  the  advantage 
that  the  maximum  grade  is  only  one-half  of  that  which  occurs  if  there 
are  fewer  than  three  hinges. 

The  other  principal  factors  influencing  the  maximum  grade  are  the 
dip  of  the  cables  in  the  main  span  and  the  length  of  the  back  spans  of 
the  cables.  The  shorter  the  back  spans  of  the  cables  and  the  larger 
their  dip  in  the  main  span,  within  practical  limits,  the  less  is  the  maxi- 
mum grade.  The  maximum  grade  can  be  reduced  in  all  oases  by 
building  the  tracks  with  a  sag  in  their  lowest  position. 
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The  use  of  three-hinged,  deep,  stiffening  trusses  for  railroad  sus- 
pension bridges,  however,  has  other  and  more  important  advantages. 
They  consist  mainly  in  their  greater  economy,  in  smaller  secondary 
stresses  due  to  the  deformation,  and  in  closer  agreement  between  tbe 
actual  and  calculated  stresses.  To  prove  this  it  is  necessary  to  calcu- 
late the  stresses  due  to  the  dead  and  moving  loads,  the  changes  of 
temperature,  and  the  wind  pressure  in  suspension  bridges  with  stiffen- 
ing trusses  of  three,  two  or  no  hinges. 

Stresses  Produced  bt  the  Change  in  Length  of  the  Cables  in  Sus- 
pended Stiffening  Trusses  with  Two  End-Hinges. 

This  change  in  length  of  the  cables  and  of  their  consequent  eleva- 
tion in  the  main  span  is  due  to  changes  of  temperature  and  moving 
load.  To  calculate  the  stresses  produced,  the  sections  of  the  stiffening 
trusses  should  be  known.  It  will  be  assumed  that  the  stresses  per 
square  inch  in  the  chords  of  the  stiffening  trusses,  produced  by  their  rise 
and  fall  with  the  cables,  are  uniform  over  the  whole  length  of  the 
trusses.  This  is  more  nearly  true  in  properly  designed  stiffening 
trusses  than  the  frequent  assumption  that  the  moments  of  inertia  of 
the  stiffening  trusses  are  uniform  over  their  whole  length.  The  writer 
will  neglect  the  influence  of  the  deformation  of  the  web  members,  which 
is  small  in  the  shallow  trusses  here  considered.  In  this  case  the 
trusses  will  deflect  in  the  arc  of  a  circle.  If  6  is  the  rise  of  the  cables 
at  the  center  of  the  main  span;  if  the  stiffening  trusses  are  assumed  to 
be  straight  before  the  rise,  they  will,  after  the  rise,  be  arcs  of  circles 
with  a  radius  =  R.    If  the  span  between  the  end  hinges  is  L,  then 

R  =  ~^-r.     If  d  is  the  depth  of  the  stiffening  trusses,  and  t  is  the  stress 
o  o 

per  square  inch  in  their  chords  produced  by  their  bending,  then 

t  =  — — ,  where  c  is  the  modulus  of  elasticity  of  the  chords*    This 

is,  on  account  of  splices  and  tie-plates,  somewhat  larger  than  that  of 
steel,  and  may  be  taken  at  30  000  000  lbs.  per  square  inch  of  gross 
section.  If  special  values  for  d,  6,  and  /  are  introduced  into  this 
formula,  as  follows:  d  =  60ft.;  /=  2800  ft,  6  =  6.9  ft.;  then  t  = 
±6  337  lbs.  H  <f  is  Uken  equal  to  140  ft,  then  f=r:i=  14  786  lbs.  The 
6  used  above  is  one-half  the  total  variation  in  the  elevation  of  the 
cables  at  the  center  of  the  main  span.  If  the  suspenders  are  so 
adjusted  that  there  are  no  stresses  in  the  stiffening  trusses  at  the  mean 
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temperature  and  with  one-half  of  the  largest  uniform  moving  load  on 
the  bridge,  then  the  stresses  produced  by  the  variation  in  the  eleva- 
tion of  the  cables  are  the  smallest  possible.  They  are  then  of  opposite 
sign  and  equal  for  the  two  extremes  of  temperature  and  moving  load. 

It  is  not  so  important,  however,  to  find  the  largest  amount  of  these 
stresses  due  to  the  variation  in  the  elevation  of  the  cables  as  to  find 
those  stresses  which  coincide  with  the  largest  stresses  from  the  mov- 
ing load.  The  variation  in  the  moving  load  stress  in  the  cables  which 
occurs  at  the  same  time  with  maximum  stresses  in  the  stiffening 
trusses  due  to  the  moving  load  is  about  61%  of  6.4  ft.  =3.9  ft.     Tbe 

corresponding  8  is  =  -=--  (7.4  -f  3.9)  =  5.G5  ft. 

The  values  of  t  for  stiffening  trusses  60  ft.  and  140  ft.  deep,  which 
must  be  considered  in  obtaining  the  total  maximum  stresses  in  the 
stiffening  trusses  are,  therefore,  tn  =  ±  5  190  lbs. ;  t^  =  ±  12 110  lbs. 

Stresses  Produced  by  the  Change  in  Length  of  the  Cables  in 
Suspended  Stiffening  Trusses  of  Three  Hinges. 

The  writer  has  published,*  in  Engineering  News,  methods  for  cal- 
culating these    stresses,    and   will    use  the    formulas    given    there: 

T  =  ~    hjt     — »  where  Tis  the  load  per  linear  foot  of  bridge  which 

will  produce  on  a  span,  of  the  dimensions  of  the  half  span  of  the  stiff- 
ening trusses,  and  freely  supported  at  both  ends,  stresses  equal  to  the 
stresses  produced  by  the  variation  in  the  length  of  the  cables  occurring 
at  the  same  time  with  the  maximum  moving-load  stresses  in  the  stiff- 
ening trusses.  In  three-hinged  stiffening  trusses  those  stresses  which 
are  due  to  the  lengthening  of  the  cables  from  moving  load  are  of 
opposite  sign  to  the  maximum  moving-load  stresses  occurring  at  the 
same  time;  their  neglect  is  therefore  on  the  safe  side,  giving  maximum 
stresses  considerably  too  large.  The  d,  in  the  above  formula  is  there- 
fore one-half  the  change  in  the  elevation  of  the  cables  at  the  center  of 
the  main  span  due  to  changes  of  temperature  only. 

*t  a  8.7  ft.;  w  +  q=M000;  Z  =  2850;  J  =  2800;  h=-^. 

w  +  q  is  intentionally  taken  less  than  the  maximum  value,  for  the 
purpose  of  partly  neutralizing  the  error  arising  from  the  neglect  of  the 
stretch  of  the  cables  by  the  moving  load,  which  produces  negative 
stresses. 

*  Engineering  News,  November  7th  and  December  12th,  1901. 
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If  these  values  are  introduced  in  the  formula  for  T  we  obtain 
T  =  366  lbs.  The  stiffening  trusses  are  140  ft.  deep  at  the  center  of 
the  half  spans.  We  obtain,  therefore,  for  the  stress  in  each  chord  of 
the  stiffening  trusses  at  the  center  of  the  half  span,  =h  320  400  lbs. 
The  formula  used  neglects  the  deformation  of  the  stiffening  trusses 
produced  by  thdae  stresses.  This  deformation  has  the  effect  of  reduc- 
ing the  above  stress  by  about  6  per  cent.  It  is,  therefore,  ±l  301  000 
lbs.  The  cross-section  of  the  chords  of  the  bridge,  here  considered, 
iB  slightly  different  for  the  top  and  bottom  chords.   It  averages  350  sq. 

ins.  at  the  center  of  the  half  span.     The  stress  per  square  inch,  there- 

301  000 
fore,  is  — ^- —  =  860  lbs.    It  was  found  above  that  the  correspond- 
ing stress  for  stiffening  trusses  140  and  60  ft.  deep,  without  any  center 
hinges,  was  db  12  110  and  ±  5  190  lbs.  per  square  inch  of  cross-section. 

The  stresses  in  the  chords  of  three-hinged  stiffening  trusses 
produced  by  changes  in  the  length  of  the  cables  vary  with  change 
in  the  depth  of  these  trusses  in  the  same  ratio  as  the  stresses 
due  to  an  unequally  distributed  moving  load.  The  chord  sections 
must  vary  nearly  as  the  sum  of  these  stresses.  The  former  stresses 
per  square  inch  of  chord  section,  .therefore,  are  nearly  the  same, 
whatever  the  depth  of  the  three-hinged  trusses.  For  two-hinged 
stiffening  trusses,  60  ft.  deep,  the  stresses  due  to  the  change  in  the 
elevation  of  the  cables,  therefore,  are  about  six  times  as  large  as  in 
three-hinged  trusses  of  the  same  depth. 

In  stiffening  trusses,  continuous  or  fixed  at  the  towers,  the  tem- 
perature stresses  are  still  larger  than  in  those  with  two  hinges.  Any 
disadvantage  arising  from  excessive  temperature  stresses  in  two- 
hinged  trusses,  therefore,  is  much  increased  by  the  omission  of  the 
end  hinges. 

Wind  Stresses  in  Two-Hinged  Suspended  Stiffening  Trusses. 

For  estimating  the  importance  and  amount  of  these  wind  stresses, 
we  take  again  a  span  of  2  850  ft.  from  center  to  center  of  towers,  with 
the  dip  of  the  cables  equal  to  one-eighth  of  the  span.  The  stiffening 
trusses  are  60  ft.  deep,  and  have  a  span  of  2  800  ft.  between  centers  of 
end  hinges.  The  width  from  center  to  center  of  trusses  is  92  ft. 
The  wind  pressure  is  1 600  lbs.  per  linear  foot  of  bridge.  This  corre- 
sponds to  about  30  lbs.  per  square  foot  of  exposed  surface.  If  the 
top  and  bottom  chords  have  equal  sections,  and  if  there  is  a  snbstan- 
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tial  vibration  bracing,  preventing  any  considerable  deformation  of  the 
cross-section,  the  lateral  deflection  of  the  top  and  bottom  lateral  sys- 
tems nmst  be  nearly  alike.  In  this  case  the  wind  pressures  resisted  by 
the  two  lateral  systems  are  also  nearly  alike.  If  the  stiffening  trusses 
alone  would  resist  the  wind  pressure,  we  would  obtain  stresses  of  ±  4  261 
tons  at  the  center  of  the  span  in  each  of  the  four  chords.  The  cables, 
however,  assist  in  resisting  the  wind  pressures.  To  estimate  the 
amount  of  this  assistance,  the  horizontal  deflection  must  be  calculated. 
For  this  purpose  it  is  necessary  to  assume  the  chord  sections  of  the 
stiffening  trusses  and  the  dead  loads.  The  gross  section  of  the 
chords  of  the  stiffening  trusses  will  be  assumed  to  be  700  sq.  ins. 
throughout  their  length.  In  an  actual  design  these  sections  would 
decrease  in  the  end  thirds  of  the  span.  The  bridge  here  assumed, 
therefore,  will  have  the  same  lateral  deflection  as  a  bridge  with  some- 
what larger  maximum  chord  section  of  the  stiffening  trusses.  The 
dead  load  for  this  design  is  about  38  000  lbs.  per  linear  foot,  the  mov- 
ing load  is  as  given  before.  The  wind  stresses  in  the  stiffening 
trusses  are  largest  when  the  moving  load  on  the  cables  is  small. 
Those  wind  stresses  in  the  chords  of  the  stiffening  trusses  are 
wanted  which  occur  together  with  the  largest  stresses  from  the 
moving  load.  Some  of  the  largest  stresses  from  the  moving  load 
occur  when  the  total  load,  w,  on  the  cables  is  as  little  as  42  000  lbs. 
per  linear  foot.  If  the  lateral  deflection  of  the  trusses  at  the  center 
of  the  span  is  6,  the  lateral  deflection  of  the  cables  is  the  same  amount. 
If  the  cables  are  not  cradled,  and  if  the  horizontal  force  acting  on 
them  is  uniform  per  linear  foot  of  bridge,  then  the  horizontal  projection 
of  the  cables  is  a  parabola.  The  tangents  to  this  parabola  at  the  saddles 
form  angles,  a,  with  the  axis  of  the  bridge  given  by  the  equation 

tan.  a  =  -_-*  =  — p  where  Sx  is  the  lateral  deflection  at  the  center  of 

the  span,  and  L  is  the  span  from  center  to  center  of  towers.  The  hori- 
zontal component  of  the  tension  in  the  cables,  which  have  a  dip  of  one- 
eighth  of  the  span,  is  approximately  w  L.     *The  lateral  pressure  on 

eaoh  tower,  due  to  the  lateral  inclination  of  the  cables  in  the  main 

4  8 
span,  therefore,  is  approximately  w  L  —  y-1  =  4  w  6V 

The  lateral  pressure  exerted  on  the  two  towers  is  8  w  Sv    The  hori- 
zontal pressure,  a?,  per  linear  foot  of  bridge  on  the  cables  must  therefore 

8  wtx 
be  x  =  —  j— -  • 
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If  the  horizontal  force  pushing  the  cables  acts  at  the  center  of  the 

span  only,  the  horizontal  projection  of  the  cables  will  consist  of  two 

straight  lines  forming  angles,  0,  with  the  axis  of  the  bridge.  The  angle 

2  8 
fi  is  given  by  tan.  /?=--*  ,  and  the  horizontal  force  which,  if  acting 

on  the  cables  at  the  center  of  the  span  produces  there  a  lateral  deflec- 
tion of  tfj,  is  y  =  4  it  £„  or  one-half  the  horizontal  force  which,  uni- 
formly distributed  over  the  length  of  the  span,  produces  the  same 
lateral  deflection  of  the  cables. 

The  horizontal  force  acting  on  the  cables  is  partly  the  wind  press- 
ure on  the  exposed  surface  of  the  cables  and  on  half  the  surface  of 
the  suspenders,  partly  the  horizontal  component  of  the  laterally 
inclined  pull  of  the  suspenders.  The  lateral  inclination  of  the  sus- 
penders is  small  near  the  ends  of  the  span  where  they  are  long.  The 
total  lateral  pressure  on  the  cables,  therefore,  is  a  nearly  uniform 
pressure  per  linear  foot  of  bridge  plus  a  pressure  acting  near  the 
center  of  the  span. 

The  writer  will  assume,  as  a  sufficient  approximation  to  the  facts, 
that  the  horizontal  wind  pressure  acting  on  the  cables  is  200  lbs.  per 
linear  foot  of  bridge  and  a  pressure  acting  at  the  center  of  the  span, 
large  enough  to  produce,  with  the  uniform  pressure,  the  same  lateral 
deflection  as  that  of  the  stiffening  trusses. 

The  lateral  forces  acting  on  the  stiffening  trusses  are,  therefore,  a 
uniform  pressure  of  1  400  lbs.  per  linear  foot  of  bridge  and  a  pressure 
acting  against  the  wind  at  the  center  of  the  span.  If  the  latter  is  y, 
the  lateral  deflection  of  the  cables  is  obtained  from  the  two  equations: 

jt  =  — -=—y  and  y  =  4  »r  6+;  where  x  =  200,  L  =  2  850.    6  =  $,  -*-  6& 

it  =  42  000  lbs. 

__      ....       2850x200  y 

We  obtain  6  =  girsm  +  4— ^  ^  or 

If  we  neglect  the  effect  of  the  deformation  of  the  lateral  diagonals 

and  struts  we  find  the  lateral  deflection  of  the  stiffening  trusses  from 

the  formula: 

1  100  x  2  8004  v  2  800' 


~b.3  x  au  uuu  wu 

6  =  6.303  — 


76.S  x  30  000  000  X   700  x  92*        48  X  30  000  0U0   X  700  X  92* 

y 
38bT00* 
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From  the  foregoing  equations, 

L697  +  168W0  =  6'303-  S5STO0'  °r  4>606  =  fftSOO  +  388TO0 
From  this,  y  =  540  200  lbs.,  and  *  =  4.913  ft. 
The  average  moment  of  wind  pressure  to  be  resisted  by  the  stiffen- 
ing trusses,  if  the  cables  would  not  assist  in  resisting  the  wind-press- 

...       2       1  600  X  2  8002       EftA  ao„  M 
ures,  would  be  -=-  X  —5 n  Ckru.     =  522  667  foot-tons. 

In  oonsequence  of  the  assistance  of  the  cables  in  resisting  the 
wind  pressure,  this  average  moment  is  reduced  to  362  800  foot- tons; 
or  the  average  moment  from  wind  pressure  in  the  stiffening  trusses  is 
reduced  to  that  which  would  be  produced  by  a  wind  pressure  of  1  110 
lbs.  per  linear  foot  of  bridge  acting  on  them. 

The  average  shear  in  the  lateral  systems  is  reduced  in  nearly  the 
same  proportion  by  the  assistance  of  the  cables  in  resisting  the  wind 
pressure.  For  the  purpose  of  making  comparative  estimates  it  can 
be  assumed  that,  of  the  wind  pressure  of  1  600  lbs.  per  linear  foot  of 
bridge,  490  lbs.  is  carried  by  the  cables  and  only  1  110  lbs.  by  the 
two  lateral  systems  of  the  stiffening  trusses. 

Wind  Stresses  in  Three- Hinged  Suspended  Stiffening  Trusses. 

For  a  bridge  of  the  great  weight  of  the  Hudson  River  Bridge  the 
center  connection  between  the  two  half  spans  of  the  stiffening  trusses 
ought  to  be  so  designed  that  it  is  able  to  transfer  shears  in  a  horizontal 
and  vertical  direction,  but  no  moments. 

In  this  case  each  half  span  acts  as  an  independent  span  to  resist 
wind  pressures.  The  wind  pressures  carried  by  the  lateral  systems  of 
the  stiffening  trusses  to  the  center  of  the  span  are  carried  by  the 
cables  to  the  towers.  The  stiffening  trusses,  under  extreme  wind 
pressures,  will  deflect  considerably  at  the  center  of  the  span.  Special 
provision  has  to  be  made  in  the  tracks  to  avoid  a  sharp  angle  in  the 
rails.  Designs  for  the  center  connection  of  the  stiffening  trusses  and 
for  the  special  rails  at  the  center  and  ends  of  the  main  span  have 
been  made,  submitted  to  eminent  engineers  and  found  satisfactory. 
The  uniform  wind  pressure  carried  by  the  cables  is  less  than  in  the 
previous  case,  say  150  lbs.  per  linear  foot.  The  trusses  are  higher, 
but  the  cross-sections  of  their  members  are  very  much  smaller,  and 
their  width  is  less.     The  total  area  exposed  to  wind  pressure,  there- 
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fore,  is  about  the  same  as  with  two-hinged  shallow  trusses.     The 

wind  pressure  acting  on  the  trusses,  therefore,  is  1  450  lbs.  per  linear 

foot  of  bridge. 

The  wind  stress  in  each  chord,  at  the  center  of  the  half  span, 

,.       4        .    0.726  x  1400*       j.^. 
therefore,  is     2  x  8  x  92~  = 

The  average  wind  stress  in  the  chords  is  approximately »±  610  tons. 
This  is  31%  of  the  average  wind  stress  in  the  chords  of  two-hinged 
stiffening  trasses. 

The  average  wind  stress  in  the  lateral  web  system  is  66%  of  that 
with  two-hinged  trasses. 

Moving-Load  Stbessbs  in  Two- Hinged  and  Thbhe-Hinged  Suspended 

Stiffening  Trusses. 
The  maximum  bending  moment  due  to  the  moving  load  (neglect- 
ing the  effect  of   the  change  in  the  length  of  the  cables)  in  two- 

hinged  suspended  stiffening  trusses  is  —   0.1482,  and  in  three-hinged 

suspended  stiffening  trusses  is  —^  0.1506,   where  to  is  the  load    per 

linear  foot  of  truss  and  /  is  the  span.  The  maximum  moments  extend 
over  greater  lengths  of  two-hinged  than  three-hinged  trusses. 

The  average  bending  moment  in  two-hinged  trusses  is  -^-  0.113,    or 

76.25%  of  the  maximum  moment.     In  three-hinged  trusses  the  average 

bending  moment  is  -g— 0.09744,  or  64.7%  of  the  maximum  moment. 

The  average  moment  of  three-hinged  trusses  is  only  0.862  of  the  aver- 
age moment  of  two-hinged  trusses.  These  values  of  the  averages  are 
taken  from  a  calculation  made  by  Edwin  Duryea,  Jr.,  M.  Am.  Soc.  C. 
E.  The  moments  were  calculated  for  50  panel  points  in  the  half  span. 
These  calculations,  however,  were  made  with  a  moving  load  of  such 
length  as  to  give  the  largest  stress.  They  are  approximately  true  for 
positive  moments  if  the  moving  load  is  limited  to  1  000  ft.  in  length. 
The  negative  moments  will  not  be  used  in  the  calculation  of  the 
sections. 

As  will  be  shown  later,  the  three-hinged  stiffening  trusses,  140 
ft.  deep,  must  distribute  about  12  000  lbs.  of  13  600  lbs.  of  moving 
load  per  linear  foot  of  bridge;  the  remainder  is  distributed  by  the 
cables. 
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The  two-hinged  trusses,  60  ft.  deep,  must  distribute  only  seven- 
eighths  as  much,  the  remainder  being  distributed  by  the  cables. 

The  largest  chord  stress  from  moving  load  is  3  170  tons  in  the 
three-hinged  trusses  and  6  296  tons  in  the  two-hinged  trusses. 

Unit  Stresses  and  Chord  Sections  in  Two-Hinged  and  Thbeb- 

Hinoed  Trusses. 

The  writer  will  assume  the  use  of  steel  of  from  80  000  to  90  000  lbs. 
ultimate  strength,  and  45  000  lbs.  elastic  limit,  and  will  calculate  the 
sections  by  using,  of  the  two  opposite  maximum  stresses,  only  that  one 
which  requires  the  largest  section.  The  unit  stress  for  tension  per 
square  inch  of  net  section  will  be  taken  at  22  500  lbs. ,  if  wind  stresses 
are  omitted,  and  20%  more  if  they  are  added.  The  unit  stress  in  com- 
pression will  be  taken  at  22  500 — 90—,  if  wind  stresses  are  omitted,  and 

v 

20%  more  if  they  are  added.     The  reasons  for  the  selection  of  these 

values  will  be  given  later. 

From  the  preceding  investigations    we    obtain,    for    two -hinged 

trusses: 

The  largest  chord  stress  from  moving  load,  6  296  tons; 

1110 
The  largest  chord  stress  from  wind  pressure,  4  261  X  jgoo  = 

-±2  956  tons; 
The  stress  per  square  inch  in  the  chords,  from  the  change  in 

length  of  the  cables,  =1=  5  190  lbs. 
For  three-hinged  trusses : 

The  largest  chord  stress  from  moving  load,  8  170  tons; 

The  largest  chord  stress  from  wind  pressure,  ±  906  tons; 

The  stress  per  square  inch  in  the  chords,  from  the  change  in 

the  length  of  the  cables,  d=  860  lbs. 

The —  for  two-hinged  trusses  is  25.     The  —   for    three-hinged 

T  T 

trusses  is  30.     The  net  section  is  seven-eighths  of  the  gross  section. 

This  gives  the  largest  top  chord  section  for  two-hinged  trusses  = 
969  sq.  ins. ;  for  three-hinged  trusses,  356  sq.  ins. ;  the  largest  bot- 
tom chord  section  for  two-hinged  trusses,  970  sq.  ins. ;  for  three-hinged 
trusses,  356  sq.  ins. 

In  two-hinged  trusses  it  was  found  that  the  average  chord  stress 
from  moving  load  is  76.25%  of  the  maximum  chord  stress. 
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In  Figures  1  and  2  the  full  lines  give  Maximum  Moments  and 
Shears  due  to  a  continuous  moving  Load  1000  ft.  or  less  in 
length,  the  dotted  lines,  those  due  to  an  unlimited  length. 
These  diagrams,  ( Figs.  1  and  2)  are  for  a  moving  load  of  3  tons 
per  foot  per  truss,  and  for  a  one-half  span  of  1400  ft;=40  panels 
at  36  ft. 

Fro.  8. 
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The  average  chord  stress  from  wind  pressure,  according  to  these 
assumptions,  is  two-thirds  of  the  mtti'mnm  The  average  chord 
stress  due  to  change  in  length  of  the  cables  is  three-fourths  of  the 
maximum. 

The  average  chord  section  of  two-hinged  trusses,  therefore,  is  ap- 
proximately three-fourths  of  the  m»-H  «■«■■■  chord  section,  if  allowance 
is  made  for  the  unavoidable  surplus  section  near  the  ends  of  the  span. 

For  three-hinged  trusses  the  average  chord  section  was  obtained 
from  a  completed  stress  sheet,  and  was  found  to  be  three-fourths  of 
the  maxim  urn  chord  section. 

The  top  chords  of  the  three-hinged  trusses  are  slightly  longer 
than  those  of  the  two-hinged  trusses;  allowing  for  the  increase  in 
weight  caused  thereby  by  increasing  the  chord  section  of  the  three- 
hinged  trusses,  we  obtain  an  average  chord  section  of  727  sq.  ins.  for 
the  two-hinged,  and  268  sq.  ins.  for  the  three-hinged,  trusses.  The 
difference  is  459  sq.  ins.  Allowing  28°0'  for  connections,  latticing  and 
rivets,  this  means  that  the  chords  of  the  two-hinged  trusses  weigh 
8  000  lbs.   per  linear  foot  of  bridge  more  than  those  of  the  three- 

In  this  investigation  those  moments  which  produce  compression 
in  the  top  chords  are  called  positive  moments;  those  shears  which 
produce  tension  in  the  diagonals  rising  toward  the  near  end  of  the 
span  are  called  positive  shears. 

For  a  limited  length  of  moving  load  the  positive  moments  and 
shears  are  larger  than  the  negative  ones.  For  three-hinged  trusses 
and  an  unlimited  length  of  load,  the  positive  and  negative  moments 
and  shears  are  alike  if  two  trains  are  used  on  each  track.  But  with 
only  one  train  the  negative  shears  are  smaller  in  some  cases.  Figs.  1 
and  2  give  the  maximum  moments  and  shears  in  three-hinged  stiffen- 
ing trusses  due  to  a  load  1  000  ft  long,  or  less,  and  those  due  to  a 
load  of  unlimited  length.  The  calculations  were  made  by  Mr. 
Duryea,  who  kindly  offered  them  for  the  writer's  use. 

Before  the  webs  and  laterals  of  three-hinged  and  two-hinged 
trusses  can  be  compared,  another  investigation  is  required,  which 
will  here  be  introduced. 

Stresses  in  Latkbai*  Systems  Due  to  Moving  Load. 
No  attention  is  generally  given  to  these  stresses,  and  experience 
with  ordinary  bridges  seems  to  show  that  no  harm  results  from  this 
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neglect.  The  proposed  Hudson  River  Bridge,  however,  is  so 
extremely  different,  in  its  general  dimensions  and  in  its  number  of 
tracks,  from  ordinary  bridges,  that  it  is  not  safe  to  conclude  that 
these  stresses  may  be  neglected. 

The  writer  will  first  consider  the  case  of  two-hinged  stiffening 
trusses  60  ft.  deep.  A  top  and  bottom  lateral  system  and  a  sub- 
stantial vibration  bracing  is  assumed  to  be  used. 

The  longitudinal  center  line  will  be  called  the  axis  of  the  bridge, 
and  the  line  perpendicular  to  it  at  the  center  of  the  span,  alone,  will 
be  called  the  center  line. 

If  the  tracks  south  of  the  axis,  and  west  of  the  center  line,  and 
those  north  of  the  axis  and  east  of  the  center  line,  are  loaded,  and  the 
remainder  unloaded,  the  west  half  of  the  south  truss  and  the  east 
half  of  the  north  truss  will  bend  down,  and  the  other  parts  of  the 
trusses  will  bend  up. 

First,  consider  the  vibration  struts  as  being  absent.  The  moving 
load  on  the  south  truss  of  the  west  half  span  is  two-thirds  of  the 
maximum  moving  load  of  this  truss.  The  moving  load  on  the  north 
truss  of  the  west  half  is  one- third  of  the  maximum  moving  load  of 
this  truss.  The  moving  load  on  the  south  truss  of  the  west  half  span 
is  different  from  that  on  the  east  half  span  of  the  same  truss  by  one- 
third  of  the  maximum  moving  load  per  truss.  The  average  stress  in 
the  chords  is  somewhat  less  than  one-third  of  the  maximum  average 
moving-load  stress.  The  maximum  stresses  from  moving  load  in  the 
chords  are  6.5  tons  per  square  inch.  The  average  chord  stress  under 
the  foregoing  loading,  therefore,  is  about  2  tons  per  square  inch. 

In  the  southwest  truss  there  is  compression  in  the  top  chords  and 
tension  in  the  bottom  chords.  In  the  northwest  truss  there  is  tension 
in  the  top  chords,  and  compression  in  the  bottom  chords.  The  south- 
west truss,  therefore,  will  deflect  downward,   the  deflection  at  the 

P  t 
quarter  being  8  =  -j — -r-,   where  t  =  2  tons,  e  =  15  000  tons,  d  = 

60  ft.,  and  I  —  1400  ft.  If  these  values  are  introduced  we  obtain 
6  =  1.09  ft.  The  northwest  truss  will  deflect  upward  an  equal 
amount.  If  we  consider  the  horizontal  trusses  formed  by  the  top 
chords  and  top  laterals  and  by  the  bottom  chords  and  bottom  laterals, 
we  find  that  the  top  truss  of  the  west  half  span  will  bend  northward, 
because  the  north  chords  expand  and  the  south  chords  contract;  the 
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SOUTH 


NORTH 


Fig.  3. 


bottom  truss  will  bend  southward  the  same  amount.     The  horizontal 

60 
deflection  at  the  quarter  span  is  1.09  X  ^  =  0.71  ft.      In  Fig.  3  the 

consequent  deformation 

of  the  cross-section  at 

the     quarter     span     is 

shown  in  dotted  lines, 

but  exaggerated. 

The  vibration  bracing 

and  the    rigid    vertical 

posts  practically  prevent 

this    deformation.      By 

this  vibration  bracing  a 

part  of  the  weight   on 

the  south  truss  is  carried  over  to  the  north  truss  and  pulls  this 

down  and  southward  at  the  top.     At  the  same  time  it  pulls  the  south 

truss  up  and  northward  at  the  bottom.    If  the  load  per  linear  foot  which 

is  carried  to  the  north  truss  is  gt  then  the  horizontal  pull  created  in 

92 
both  lateral  systems  is  q  -^.     It  will  be  assumed  that  the  load  q  is 

uniform  over  the  length  of  the  half  span.     The  same  chords  serve  for 

the  horizontal  and  vertical  trusses.     The  loads  on  the  horizontal  and 

vertical  trusses  are  as  92  to  60.     The  depths  are  also  as  92  to  60.     The 

stresses  produced  by  the  horizontal  and  vertical  forces,  therefore,  are 

equal,  and  the  total  stress  in  the  chords  is  equal  to  twice  the  stress 

produced  by  the  vertical  forces  alone. 

The  vertical  deflection  of  each  truss  produced  by  the  transference 

of  the  load  q  per  linear  foot  from  the  south  to  the  north  truss,  there- 

2  a/4 
fore,  at  the  quarters,  is  6  =  _-  ^  frT. 

7o.o  td  1 

The    average  chord  section  is  727  sq.  ins.  \  I  =  1  400  f t. ;   E  = 

60- 


30  000  000  lbs.,  and  /=  727  x 


2 


If  these  values  are  introduced  in 


the  formula,  then  S  =    -*.i .     The  deflection  of  the  horizontal  trusses, 

due  to  the  deformation  of  the  chords,  is  6,  =  S  x  g~  =  -JL. 

The  influence  of  the  deformation  of  the  lateral  diagonals  of  the  bot- 
tom lateral  system  cannot  be  neglected,  as  the  stresses  produced  in 
them  are  quite  large,  and  their  sections  moderate.    If  the  average  stress 
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per  square  inch  of  gross  section  in  these  laterals,  produced  by  the  fore- 
going distribution  of  the  moving  load,  is  8  000  lbs.,  then  the  horizontal 
deflection  produced  by  their  deformation  is  0.38  ft.  In  the  absence  of 
vibration  struts,  the  change  in  the  angle  between  the  vertical  posts 
and  the  floor  beams  would  be  fi9  where  tan.  fl  is  approximately  given 
by  the  equation : 

.        A       1.09  X  2     0.71  X  2  ^ 

tan.  fi  =  — gg 1 ^ —  =  0.04736. 

This  deformation  is  corrected  by  the  deflections  caused  by  the  load 
<7,  which  is  transferred  from  the  south  to  the  north  truss.  The  writer 
will  assume  that  the  deflection  caused  by  the  deformation  of  the  web 
of  the  top  lateral  system  is  the  same  as  that  caused  by  the  deformation 
of  the  bottom  lateral  diagonals.  The  deformation  of  the  floor  beams, 
serving  as  bottom  lateral  struts  is  neglected. 

We  obtain 

,     m     »{&  +  a88}  ,     2, 

tan'  P  ~  60  +  393  X i  92' 

If  the  value  of  tan.  ft,  thus  found,  is  introduced,  q  =  313.  The 
horizontal  force  per  linear  foot  acting  on  each  lateral  system,  therefore, 

is  313  X  ^  =  480  lbs. 

This  pressure  acts  in  one  half  span  in  one  direction,  and  in  the 
other  half  span  in  the  other  direction.  The  stresses  produced  by  this 
force  in  the  laterals  must  be  added  to  those  produced  by  wind  pressure. 
The  average  lateral  stresses  are  increased  thereby  by  about  43  per 
cent. 

If  the  total  tension  per  square  inch,  net,  in  the  laterals  is  made 
30000  lbs.,  then  their  stresBper  square  inch,  gross,  from  moving  load, 
is  about  8  000  lbs.  on  an  average,  as  previously  assumed.  The  neglect 
of  these  stresses  would  give  dangerously  weak  laterals  near  the  center 
of  the  span.  They  must  also  be  considered  in  dimensioning  the  vertical 
posts  and  the  vibration  struts. 

In  the  three-hinged  stiffening  trusses,  140  ft.  deep  at  the  center  of 
the  half  span,  the  lateral  pressure  in  each  lateral  system  is  increased 
on  an  average  about  140  lbs.  per  linear  foot,  or  20%  of  the  wind  pres- 
sures. 

The  wind  stresses  in  the  laterals  of  the  three-hinged  trusses  were 
found  to  be  66%  of  those  in  the  laterals  of  the  two-hinged  trusses. 
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After  making  the  necessary  additions  of  moving-load  stresses  it  is  found 

that  the  total  stresses  in  the  lateral  systems  of  the  three-hinged  trusses 

120 
are  66  X   1>tQ  =  55. ±%  of  those  in  the  lateral  systems  of  the  three- 
14o 

hinged  trusses. 

The  laterals  and  vibration  struts  of  the  three-hinged  trusses  weigh 
1  500  lbs.,  those  of  the  two-hinged  trusses  weigh  2  000  lbs.,  per  linear 
foot  of  bridge. 

Comparison  of  Web  Systems  of   Two-Hinged  and  Three-Hinged 

Trusses. 

For  the  calculation  of  the  web  systems  of  two-hinged  and  three- 
hinged  trusses  we  have  no  wind  stresses  in  either.  The  average 
shears  for  two-hinged  and  three-hinged  trusses  were  calculated  by 
Mr.  Duryea  by  using  50  panels  in  each  half  span.  The  average  shear 
was  found  to  be  1%  larger  in  three-hinged  than  in  two-hinged  trusses. 
The  loads  were  taken  of  unlimited  length.  The  assistance  given  by 
the  cables  was  not  taken  into  account.  Allowing  for  the  latter,  the 
average  shear  will  be  only  seven-eighths  as  large  in  the  60-ft.  deep 
two-hinged  as  in  the  140-ft.  deep  three-hinged  trusses.  The  shears 
due  to  changes  in  the  length  of  the  cables  are  about  six  times  as  large 
in  two-hinged  as  in  three-hinged  trusses.  In  the  former  they  are 
about  5  200  lbs.  per  square  inch.  The  shears  of  the  three-hinged,  but 
not  those  of  the  two-hinged,  trusses  are  partly  resisted  by  the  top 
chords,  as  the  latter  are  curved  in  the  three-hinged,  and  straight  in  the 
two-hinged,  trusses.  The  bending  moments  in  the  vertical  posts,  due 
to  the  transference  of  loads  from  one  truss  to  the  other  for  certain 
positions  of  the  moving  load,  are  about  three  and  one-half  times  as 
large  in  two-hinged  as  in  three-hinged  trusses.  Everything  consid- 
ered, the  weights  of  the  webs  of  both  kinds  of  trusses  are  about 
alike,  and  are  equal  to  2  600  lbs.  per  linear  foot  of  bridge. 

The  total  weight  of  the  three-hinged  trusses  is  8  800  lbs.,  that  of 
the  two-hinged  trusses  is  8  500  lbs.  more,  or  17  300  lbs.  per  linear  foot 
of  bridge.  The  addition  of  8  500  lbs.  to  the  weight  of  the  stiffening 
trusses,  if  two-hinged  trusses  are  used,  has  the  effect  of  increasing  the 
weight  of  the  cables  about  1  875  lbs.  per  linear  foot  of  bridge.  The 
dead  load  of  the  bridge  with  two-hinged  shallow  stiffening  trusses, 
therefore,  is  38  375  lbs.  per  linear  foot  of  bridge,  or  about  as  assumed 
in  these  calculations. 
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The  cables  cost  at  least  twice  as  much  per  pound  as  structural 
steel.  The  use  of  two-hinged  instead  of  three-hinged  trusses  adds  to 
the  cost  of  the  main  span  the  same  amount  as  the  addition  of  8  500  -4- 
3  750  =  12  250  lbs.  of  structural  steel  per  linear  foot  of  bridge.  It 
adds  28.4%  to  the  total  load  per  linear  foot  of  main  span,  and  increases 
the  cost  of  the  rear  cables,  anchorages,  towers  and  tower  foundations 
in  nearly  the  same  proportion. 

The  design  of  a  suspension  bridge  requires  a  double  calculation — 
first,  an  approximate  one,  to  determine  the  general  dimensions,  and 
then  an  accurate  one,  based  on  the  approximate  knowledge  of  the 
final  results.  The  calculation  and  comparison  here  made  cannot  claim 
accuracy,  and  would  not  be  satisfactory  for  a  design  to  be  executed. 
It  is  exact  enough,  however,  for  this  purpose,  which  is  the  compari- 
son of  different  designs,  with  a  view  of  selecting  one  of  them  for  the 
final  calculation. 

Braced  Chains  Compared  with  Suspended  Three-Hinged  Stiffening 

Trusses. 
There  exist  a  number  of  short-span  suspension  bridges  with  braced 
chains.  The  same  system  has  been  proposed  for  a  suspension  bridge 
across  the  Hudson  River,  in  New  York  City,  the  links  of  the  chains  to 
be  made  of  steel  wires  wound  around  sleeves.  The  chains  perform 
the  function  of  the  cables  and  of  the  chords  of  the  stiffening  trusses. 
The  moving  loads  in  the  present  case  are  little  longer  than  one-third 
of  the  span.  The  same  length  of  moving  load  produces  the  maxi- 
mum tension  and  the  maximum  bending  stresses  in  the  trusses  formed 
by  the  braced  chains.  A  different  position  of  the  moving  load,  how- 
ever, is  required  to  produce  the  maximum  tension  and  the  maximum 
bending  in  a  large  part  of  these  trusses.  With  suspended  stiffening 
trusses  it  is  necessary  to  provide  in  the  trusses  for  the  maximum 
bending  produced  by  any  position  of  the  moving  load,  and  in  the 
cables  for  the  maximum  tension.  With  braced  chains  one  must  pro- 
vide only  for  the  largest  sum  of  the  bending  stress  and  tension  occur- 
ring at  the  same  time.  Cables  have  a  uniform  section  throughout, 
though  the  stresses  increase  toward  the  towers.  Chains  can  be  made 
of  variable  section  to  suit  the  stresses.  The  chords  of  the  stiffening 
trusses  are  made  of  structural  steel.  The  braced  chains  here  consid- 
ered are  proposed  to  be  made  of  wire  of  three  to  four  times  the 
elastic  strength  of   structural  steel.     The  weight  of  the  metal  re- 
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quired  to  resist  the  bending  stresses,  therefore,  is  much  smaller  in  the 
latter  than  in  the  former. 

Braced  chains,  however,  have  serious  disadvantages.  To  prevent 
compression  in  the  chains,  hinges  must  be  introduced,  at  the  towers 
and  anchorages,  into  the  trusses  formed  by  the  braced  chains.  On  ac- 
count of  the  great  stresses  in  the  chains,  ordinary  hinges  are  impracti- 
cable. Toggle  joints,  therefore,  have  been  proposed.  These  are  very 
imperfect  hinges,  leaving  large  variable  moments  which  increase  the 
sections  required  in  the  chains.  The  breaking  up  of  the  cables  into 
links  of  chains  of  about  50  ft.  horizontal  length,  and  the  introduction 
of  four  toggle  joints  add  more  than  one-third  to  the  weight  of  the 
metal  required  for  continuous  cables  of  the  same  average  section.  All 
the  connections  between  the  links  must  be  made  of  steel  of  only  one- 
third  to  one-fourth  of  the  strength  of  the  wire  of  the  chains.  They 
are,  therefore,  very  heavy. 

The  four  chains  would  each  have  a  depth  of  about  12  ft.  This 
necessitates  covers  of  about  twice  the  weight  of  the  covers  of  contin- 
uous cables  for  a  bridge  of  the  same  span  and  capacity.  The  absence 
of  hinges  at  the  center  of  the  main  span  and  the  presence  of  very  im- 
perfect hinges  at  its  ends  entail  considerable  stresses  due  to  the 
change  in  length  of  the  chains.  Two  suspended  wind  trusses  are 
needed  at  the  level  of  the  two  decks  of  the  floor,  to  stiffen  the  platforms 
laterally.  If  these  two  trusses  are  connected  by  bracing  jji  vertical 
planes  (as  has  been  proposed),  so  as  to  form  also  two  vertical  trusses, 
there  will  arise  in  them,  in  consequence  of  vertical  deflections,  large 
bending  stresses  due  to  the  moving  load  and  the  changes  of 
temperature. 

An  unequally  distributed  moving  load  produces  in  the  chains, 
first,  a  tension  equal  to  that  which  would  be  produced  in  unbraced 
cables;  second,  in  one  of  the  chains  of  each  truss  a  compression,  in 
the  other  an  equal  tension,  due  to  a  bending  moment.  The  total  ten- 
sions per  square  inch  in  the  upper  and  lower  chains,  therefore,  are 
different.  If  the  lower  truss  is  of  the  same  depth  as  the  upper  one, 
then  the  arithmetical  sum  of  the  stresses  per  square  inch  in  its  two 
chords  is  the  same  as  the  difference  between  the  stresses  in  the  upper 
and  lower  chains  above  them.  If  the  lower  truss  is  shallower  or 
deeper  than  the  upper  truss  the  stresses  per  square  inch  in  it  (due  to 
moving  load  and  changes  of  temperature)  are  smaller  or  larger  than 


Papers.]  SUSPENSION  BRIDGE  STIFFENING   SYSTEM.  135 

those  above  given,  in  proportion  to  the  ratio  of  the  heights  of  the  lower 
and  upper  trusses. 

The  stresses  per  square  inch  in  the  lower  trusses,  produced  by  the 
rise  and  fall  of  the  cables  in  the  main  span  are  the  same  for  the  same 
rise  or  fall  of  the  braced  or  unbraced  cables.  They  are  proportional 
to  the  height  of  the  lower  trusses.  It  is  evident  that  everything  is  in 
favor  of  shallow  suspended  wind  trusses.  A  depth  of  30  ft.  from  cen- 
ter to  center  of  chords,  therefore,  should  be  adopted  for  these  trusses. 
With  the  upper  floor  beams  riveted  between  the  posts,  this  allows 
sufficient  clearance  between  the  upper  and  lower  decks. 

Since  these  trusses  serve  the  purpose  of  resisting  the  wind  press- 
ures and  not  the  vertical  forces,  it  would  be  still  better  to  omit  the 
diagonals  between  (he  top  and  bottom  chords.  In  this  case,  there  are 
no  stresses  from  changes  of  temperature,  and  the  stresses  from  mov- 
ing load  are  greatly  reduced.  The  weight  of  the  platforms  is  sufficient 
to  prevent  any  buckling  of  the  chords  in  a  vertical  direction. 

The  large  surface  exposed  to  the  wind  by  the  deep  chains  and  by  the 
double  set  of  trusses  greatly  increases  the  wind  pressures.  For  each 
linear  foot  of  bridge  there  will  be  about  80  sq.  ft.  exposed  to  the  wind, 
giving  a  wind  pressure  of  2  400  lbs. 

Calculation  of  the  Suspended  Wind  Trusses. 

For  determining  the  amount  of  wind  pressure  transferred  by  the 
cables  to  the  towers,  the  total  load  on  the  bridge  must  be  known. 
The  wind  stresses  in  these  trusses  are  largest  when  the  load  is  smallest. 
But  the  stresses  from  moving  load  in  the  wind  trusses  are  largest  with  a 
full  moving  load  on  the  ten  tracks  on  which  we  assumed  uneven  moving 
loads.  The  writer,  therefore,  will  assume  a  moving  load  of  7  000  lbs. 
and  a  dead  load  of  33  000  lbs.  per  linear  foot  of  bridge.  This  gives  a 
total  load  of  40  000  lbs.  per  linear  foot  of  bridge.  The  dip  of  the 
cables  will  be  assumed  at  one-tenth  of  the  span.  There  are  various 
reasons  why  a  smaller  dip  than  one-eighth  of  the  span  is  desirable 
with  braced  cables.  The  comparison  of  designs  with  different  dips 
can  alone  show  which  is  the  best.  One-tenth  of  the  span  is  taken 
mainly  because  an  eminent  engineer,  who  has  undoubtedly  made  many 
calculations,  has  chosen  this  dip  for  his  design  for  the  Hudson  River 
Bridge.  In  this  case  the  cables  carry  to  the  towers  a  wind  pressure 
which  is  about  uniform  per  linear  foot  of  bridge.  If  x  is  the  wind  press- 
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8  H  & 
ure  per  linear  foot  of  bridge  carried  by  the  cables,  then  x  =  —j — , 

where  H  is  the  horizontal  pull  in  the  cables,  L  the  span,  and  6  the 
deflection  at  the  center  of  the  span.  If  the  numerical  values  for  these 
quantities  are  introduced  into  the  formula,  x  =  140.4  8. 

The  wind  stress  in  the  chords  of  the  wind  trusses  will  be  nearly 
uniform  throughout  their  length;  it  will  be  taken  at  23  000  lbs.  per 
square  inch  of  net  section  in  tension,  and  the  same  amount,  reduced 
by  a  column  formula,  per  square  inch  of  gross  section  in  compression. 
Of  the  two  stresses,  only  that  one  which  gives  the  larger  section  is  to 
be  used.      The  chords  are  supported  every  50  ft.      The    formula 

23  000  —  92  —  is  used,  taking  —  ==  60.    Then  the  unit  stress  per 

T  T 

square  inch  of  gross  section  will  be  8.75  tons.  The  lateral  deflection 
of  the  wind  truss,  neglecting  the  effect  of  the  deformation  of  the  diag- 

onals  and  struts,  will  be  found  from  the  formula,  6  =    .       ',  where 

t  =  8.75  tons,  e  =  15  000  tons,   /  =  2  800,  and  d  =  92  ft.     We  obtain 

6  =  12.4  ft.     From  this,  x  =  140.4  6  =  1 740  lbs.  The  lateral  deflection 

of  this  bridge,  under  the  load  and  wind  pressure  assumed,  therefore, 

is  about  12.4  ft.     The  cables  carry  a  uniform  wind  pressure  of  1  740 

lbs.  per  linear  foot  of  bridge  to  the  towers.     The  wind  trusses  would 

have  to  be  designed  to  carry  a  wind  pressure  of  660  lbs.  per  linear  foot 

of  bridge,  which  is  to  be  considered  as  a  moving  load.     In  addition  to 

these  wind  stresses  there  are  stresses  from  moving  load  arising  in  the 

same  manner  as  in  a  bridge  with  suspended  stiffening  trusses.     These 

moving-load  stresses  increase  the  average  shear  in  the  laterals  to  about 

the  amount  that  would  be  produced  by' a  wind  pressure  of  960  lbs.  per 

linear  foot  of  bridge.     The  average  moment  in  the  chords  is  increased 

to  about  the  amount  that  would  be  produced  by  a  wind  pressure  of 

810  lbs.  per  linear  foot  of  bridge.     These  stresses  from  the  moving 

load  in  the  wind  trusses  could  be  avoided  by  making  the  cod  nee  t  ion 

of  the  floor  beams  with  the  trusses  hinged,  as  has  been  done  in  a  recent 

bridge  across  the  Rhine,  in  Germany.     This,  however,  would  detract 

from  the  rigidity  of  the  platform,  therefore  it  will  not  be  adopted  here. 

If  the  foregoing  equivalent  pressures  be  assumed  for  calculating  the 

weight  of  the  wind  trusses,  the  following  is  the  chord  stress  in  the  center 

m  lv.    x.  u  ±05  x  28002 

of  the  half  span:  8x92x2000  =  ±  2  157  tons. 
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If,  for  all  stresses  combined,  there  is  taken  a  unit  stress  of  27  000 
lbs.  per  square  inch,  net,  in  tension,  and  27  000  —  108  —  in    compres- 

Y 

sion,  the  maximum  chord  section  is  210  sq.  ins.,  gross.  The  average 
chord  section  would  be  |  X  210  =  140  sq.  ins.  If  33%  is  allowed  for 
-connections  and  surplus  section  near  the  ends  of  the  span,  the  weight 
of  the  four  chords  becomes  2  530  lbs.  per  linear  foot  of  bridge.  Sub- 
stantial vertical  posts,  with  the  upper  floor  beams  riveted  between 
them,  would  be  required  to  keep  the  two  decks  vertically  above  each 
other.  The  laterals,  inclusive  of  these  posts,  weigh  about  970  lbs. , 
and  the  whole  wind  trusses  3  600  lbs.,  per  linear  foot  of  bridge. 
Therefore,  we  have  suspended  wind  trusses  weighing  3  500  lbs.,  com- 
pared with  suspended  two-hinged  stiffening  trusses  weighing  8  800 
lbs.,  per  linear  foot  of  bridge.  The  floor,  with  50-ft.  panels,  however, 
would  be  about  1  000  lbs.  per  linear  foot  of  bridge  heavier  than  the 
floor  for  the  35-ft.  panels  of  a  bridge  with  deep  stiffening  trusses. 

The  Stiffening  Trusses  Fobmed  by  the  Braced  Chains. 

The  upper  stiffening  trusses  formed  by  the  chains  and  their  bracing, 
together  with  the  suspenders,  must  now  be  compared  with  the  cables 
and  suspenders  of  a  bridge  with  suspended  three-hinged  trusses.  Be- 
fore this  comparison  can  be  made,  some  other  features  of  the  design 
must  be  determined. 

The  shore  spans  may  be  supported  either  from  piers  below  or  from 
the  rear  cables.  The  former  arrangement  permits  the  deflection  of 
the  tracks  to  one  side  of  the  axis  of  the  bridge  immediately  beyond 
the  towers.  This  is  necessary  if  the  New  York  approach  near  the 
bridge  is  located  west  of  Eleventh  Avenue.  If  the  shore  spans  are 
supported  from  the  rear  cables,  the  suspenders  prevent  the  deflection 
of  the  tracks  for  a  considerable  distance  beyond  the  towers.  To  come 
near  to  the  surface  at  the  terminal  station,  the  New  York  approach 
should  go  some  distance  north  or  south  before  turning  east.  Land 
is  cheaper  west  than  east  of  Eleventh  Avenue;  this  consideration  may 
limit  the  choice  between  different  designs.  A  bridge  with  two  equal 
approaoh  spans  carried  by  braced  cables  would  be  more  beautiful, 
and,  therefore,  offers  a  more  interesting  theoretical  problem,  though 
it  may  not  be  practicable.  The  writer,  therefore,  will  assume  two 
such  approach  spans,  each  1  600  ft.  long  from  the  center  of  each  tower 
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to  the  face  of  each  anchorage.     To  avoid  excessive  bending  moments 
in  the  braced  cables  of  the  approach  spans,  when  either  the  main  span 
or  an  approach  span  alone  is  loaded,  anchored  bents  will  be  assumed 
at  the  centers  of  these  approach  spans.     These  fix  the  elevation  of  the 
approach  spans  at  their  centers,  and  have  the  effect  that  the  bending 
moments  in  the  braced  cables  of  the  main  and  approach  spans  are  of 
more  nearly  the  same  size.     The  cables  can  be  put  on  rollers  on  the 
towers,  or  they  may  be  attached  to  their  tops.     In  the  latter  case  the 
towers  should  be  of  moderate  width,  otherwise  their  weight  is  greatly 
increased  by  bending  stresses  due  to  changes  of  temperature  and  mov- 
ing load.     Broad  towers  have  also  the  drawback  that  the  span  from 
center  to  center  of  towers  is  thereby  increased,  as  the  least  clearance 
between  the  piers  is  given  by  law.     Therefore,  towers  30  ft.  wide  at 
the  top  and  80  ft.  wide  at  the  bottom  will  be  assumed.     In  thiB  case, 
the  horizontal  forces  in  the  direction  of  the  axis  of  the  bridge  are  very 
moderate,   and,  for  the  purpose  of  comparison,  may  be  neglected. 
The  attempt  to  resist  horizontal  motion  of  the  cables  at  the  tops  of 
the  towers  by  means  of  broad  towers  attached  to  the  cables  adds  much 
more  to  the  weight  of  the  towers  than  can  be  saved  in  the  braced 
chains.    The  ends  of  the  wire-link  chains  will  be  taken  100  ft.  inside 
the  anchorages  and  360  ft.  below  their  position  at  the  towers.     At  the 
center  of  the  rear  spans  the  cables  are  270  ft.  lower  than  at  the  towers. 
The  formulas  derived  by  Dr.  Th.  Schaffer  for  the  calculation  of  braced 
arches*  will  be  used  for  calculating  the  stresses  due  to  changes  of 
temperature.     The  main  difference  between  the  main  span  of  the  bridge 
here  considered  and  an  arch  is  the  motion  of  the  ends  of  the  main 
span  of  the  bridge,  while  the  hinges  of  an  arch  bridge  are  fixed  in 
position.     Another  difference  arises  from  the  larger  unit  stresses  and 
consequent  greater  deformations  in  a  suspension  bridge. 

Change  in  Position  of  the  Tops  of  Towebs,  Due  to  Changes  of 

Temperature. 

It  will  be  assumed  that  the  wire  chains  are  fixed  100  ft.  from  the 
face  of  the  anchorage.  The  exact  dimensions  of  the  rear  spans  and 
the  position  of  the  supports  in  the  anchorages  and  at  the  tops  of  the 
towers  can  be  given  only  after  a  design  has  been  made.  For  these 
calculations  an  ordinary  hinge  will  be  assumed  100  ft.  from  the  face 

*  Published  in  the  "  Handbuch  der  Ingenieurwissenschaf  ten,"  Zweite  Abtheilung. 
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of  the  anchorage  and  on  the  towers  in  their  center  line.  The  relative 
position  of  the  important  points  of  the  center  line  of  the  rear  stiffening 
trusses  is  given  in  Fig.  4. 

It   will  be  assumed  q&&"' 

that  the  changes  of  tern- 
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The  intermediate  bents  of  the  shore  spans  are  oscillating  bents, 
allowing  horizontal  motion  at  the  top.     Their  horizontal  motion,  due 

OK  A    IT  QKi    rj 

to  changes  of  temperature,  will  be  1     '    X        '    =0.718  ft.    Thehori- 

zontal  motion  at  the  tops  of  the  towers,  due  to  the  expansion  of  the 

-chains  between  the  oscillating  bents  and  the  towers,  is  1g  '    X  -qeTt 

=  0. 78  ft.  The  total  horizontal  motion  of  the  tops  of  the  towers,  due 
to  the  change  in  length  of  the  rear  chains,  is  1.498  ft. 

The  change  in  the  height  of  the  towers  produces  an  opposite  hori- 
zontal motion.  If  the  steel  towers  are  assumed  to  extend  to  25  ft. 
above  high  water,  they  are  about  460  ft.  high  to  the  hinge.  The  op- 
posite horizontal  motion  at  the  top  of  tower,  due  to  the  change  in 

height,  is  Jiiz^  X  555  =  0. 116  ft.     The  total  horizontal  motion  at  the 

top  of  each  tower,  due  to  changes  of  temperature,  therefore,  is 
1.498  —  0.116  =  1.382  ft.  The  change  of  temperature  changes  the 
dip  in  the  main  span,  and,  in  consequence,  the  tension  in  the  chains, 
and  their  length;  the  towers  and  the  suspended  arch  of  the  main  span 
offer  a  resistance  against  motion  of  the  tops  of  the  towers.  All  these 
causes  reduce  slightly  the  horizontal  motion  of  the  tops  of  the  towers. 
They  will  here  be  neglected. 

Temperature   Stress   at    the    Center   of   the    Main    Span;    the 

Position  of  the  End  Hinges  Fixed. 

The  formula  giving  the  stress  per  square  inch  at  the  crown  of  an 
arch  is 


15#af((l=b  ^) 


4S  =  ±. -«-«--—-".        where  E  =  28  000  000,       at  = 


_       32/*  '  '  ~2400' 

15  +  -JS- 


^=286  ft.,  and  k  =  60  ft. 
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If  these  values  are  introduced,  6X  =  d=  2  018  lbs.  and  tf,  =  ±  2  49$ 
lbs.  The  larger  of  the  two  stresses  is  in  the  inside  chord  of  the  arch. 
The  formula  holds  approximately  for  a  suspended  arch. 

Position  of  End  Hinges  Moving.— -If  the  distance  of  the  end  hinges 
would  change  with  the  changes  of  temperature  in  the  same  proportion 
as  the  length  of  the  steel  members  of  the  arch  there  would  be  no 
stresses  from  changes  of  temperature.  The  same  stresses  as  those 
from  changes  of  temperature  would  be  produced  by  a  change  in  the 

distance  of  the  hinges  by  j^Kri  °*  the  span.     This  fact  enables  us  to 

calculate  the  stresses  produced  by  the  expansion  of  the  rear  cables* 
This  expansion  changes  the  main  span  by  2  x  1.382  =  2.764  ft.  One- 
twelve  hundredth  of  the  main  span  is  2.375  ft.     The  stresses  produced 

2  764 
by  the  change  in  length  of  the  rear  chains,  therefore,  are  j^^f  =  1.167 

times  the  temperature  stresses,  due  to  the  change  in  length  of  the 
chains  of  the  main  span.  The  total  temperature  stresses,  therefore,  are 
=fc  4  367  and  =b  5  394  lbs.  per  square  inch.  These  stresses  occur  at  the 
center  of  the  span,  the  larger  ones  in  the  upper  chain.  The  results 
of  the  calculation  are  somewhat  too  large,  because  some  effects  of  the 
deformation  have  been  neglected. 

The  stresses  which  arise  from  those  changes  in  the  length  of  the 
chains  which  are  due  to  a  uniform  moving  load  could  be  calculated  in 
a  similar  manner.  They  amount  to  about  40%  of  those  due  to  changes 
of  temperature.  This  gives  the  total  stresses  due  to  the  change  in 
length  of  the  chains  by  moving  loads  and  changes  of  temperature  of 
±  6  000  and  ±  7  500  lbs.  per  square  inch.  These  results  are  some- 
what larger  than  the  actual  stresses  with  perfect  hinges.  The  imper- 
fection of  the  hinges,  however,  will  more  than  balance  the  slight  error 
in  the  calculation. 

These  stresses  decrease  toward  the  ends  of  the  main  span,  and 
would  be  zero  at  the  hinges  if  these  were  perfect,  which,  however,  is 
far  from  the  case.  The  average  temperature  stress  with  perfect  hinges 
would  be  little  more  than  two-thirds  of  the  maximum. 

The  calculation  assumes  such  an  adjustment  of  the  web  members  of 
the  suspended  arches  that  the  stresses  here  considered  are  zero  at  mean 
temperature  and  mean  load.  It  is  practically  impossible  to  create 
this  adjustment.     Any  deviation  from  it  gives  larger  stresses  than  the 
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calculated  ones.  In  the  formulas  used  each  of  the  four  chains  is 
assumed  to  have  the  same  section  through  the  whole  length  of  the 
span,  and  the  same  section  as  each  of  the  other  three  chains. 

It  is  apparent  from  the  results  of  the  calculation  of  the  stresses 
due  to  the  change  in  length  of  the  chains  and  from  the  essential  simi- 
larity of  the  structures  that  the  bending  stresses  from  moving  load  in 
suspended  two-hinged  arches  are  approximately  the  same  as  in  sus- 
pended two-hinged  stiffening  trusses  of  the  same  span  and  depth. 
For  the  purpose  of  a  preliminary  estimate,  it  will  be  assumed  that  they 
are  the  same.  If  the  results  show  that  an  exact  calculation  must  be 
made  to  determine  the  preponderance  of  advantage  between  this  and 
other  designs,  the  labor  of  calculating  the  exact  stresses  cannot  be 
avoided  by  those  who  wish  a  first-hand  knowledge  of  the  subject.  If 
the  results  show  a  very  great  advantage  for  other  designs,  this  labor 
may  be  saved. 

Approximate  Caxcitlation  of  the  Braced  Chains.         ' 

It  is  assumed  that  the  maximum  bending  stress  from  moving  load 
in  each  chain  is  6  296  tons,  the  same  as  for  two-hinged  suspended  stif- 
fening trusses. 

The  direct  tension  in  these  chains,  at  the  center  of  the  span,  is 

41  500  X  2  850*       __  Qan  . 

Wxmxwb  =  73920t™8- 

The  average  bending  stress  in  the  chains,  due  to  the  change  in  their 

length,  is,  at  the  center  of  the  span,  J  (6  000  -f-  7  500)  =  ±  6  750  lbs.  per 

square  inch.     Through  the  whole  span  the  average  is  over  ±  4  500  lbs. 

per  square  inch.     The  writer  will  first  calculate  the  section  required 

for  the  chains  to  resist  the  stresses  of  direct  tension  and  those  due  to 

the  change  in  length  of  the  chains.     The  permissible  unit  stress  in 

the  chains  is  taken  at  85  tons  per  square  inch.     The  strestf  due  to 

the  change  in  length  of  the  chains  averages  2.25  tons  per  square  inch. 

This  stress,  as  far  as  it  arises  from  moving  load,  does  not  everywhere 

coincide   with    the    other  maximum   stresses  due   to  moving  load. 

To  allow  for  this  fact,  only  ^  of  2.25  tons,  or  1.93  tons,  will  be  taken 

• 
into  consideration.     This  leaves  for  the  direct  tension  a  unit  stress  of 

83.07  tons  per  square  inch.     With  this  unit  stress  the  section  required 

for  the  four  chains  at  the  center  of  the  span  is  2  235  sq.  ins.     At  the 

ends  of  the  span,  the  section  required  is  2  408  sq.  ins.     The  average 
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section  required  is  2  302  sq.  ins.  The  largest  bending  stress  is  6  296 
tons  in  each  chain.  To  make  a  low  estimate  for  the  weight  of  the 
chains,  and  to  allow  for  the  fact  that  the  maximum  bending 
stresses  do  not  everywhere  coincide  with  the  other  maximum  stresses, 
the  average  bending  stress  will  be  taken  at  three-eighths  of  the 
maximum  (in  the  two-hinged  suspended  trusses  the  average 
bending  stress  is  76%  of  the  maximum),  or  }  x6 296  =  2 361  tons. 
This,  with  a  unit  stress  of  35  tons,  gives  67.5  sq.  ins.  for  each  chain, 
or  270  sq.  ins.  for  the  four  chains.  The  total  average  section  of  the 
four  chains,  therefore,  is  2  302  +  270  =  2  572  sq.  ins.  Allowing  33% 
for  the  weight  of  the  connections,  and  4%  for  the  weight  of  the  shell, 
and  considering  that  the  chains  of  the  main  span  are  2.67^  longer 
than  the  span,  the  weight  per  linear  foot  of  bridge  of  the  chains  of  the 

10  '2 
main  span  is  2  572  X  ^  X  1 .33  x  1 .04  x  1 .0267  =  12  420  lbs.     Of 

o 

this  weight,  1 304  lbs.  per  linear  foot  of  bridge  is  required  to  resist  the 

last -mentioned  bending  stresses  in  the  chains.     These  latter  are  the 

only  stresses  in  which  there  may  be  a  considerable  error;  they  are 

probably  assumed  too  small,  however,  rather  than  too  large. 

The  wire-rope  suspenders  carrying  the  platform  have  larger  stresses 
in  this  design  than  in  a  design  with  suspended  stiffening  trusses.  In 
the  braced-chain  design  the  suspenders  attached  to  one  floor  beam 
must  carry  the  maximum  floor-beam  load.  In  the  design  with  sus- 
pended stiffening  trusses  the  trusses- distribute  the  load  nearly  uni- 
formly over  the  whole  span.  The  load  to  be  carried  by  the  suspenders 
in  the  former  case  is  equivalent  to  40  000  lbs. ;  in  the  latter,  it  is 
equivalent  to  30  000  lbs.  per  linear  foot  of  bridge.  The  allowance  for 
impact  must  also  be  larger  in  the  former  than  in  the  latter  case.  The 
weight  of  the  suspenders  with  their  connections  is  estimated  in  the 
former  case  at  700  lbs. ;  in  the  latter,  though  the  suspenders  are  longer, 
at  550  lbs.  per  linear  foot  of  bridge. 

The  webs  between  the  chains  have  stresses  similar  to  those  in  the 
webs  of  two-hinged  suspended  stiffening  trusses.  The  former,  how- 
ever, must  consist  of  a  double  system  of  adjustable  tension  diagonals, 
while  the  latter  would  consist  of  riveted  members  resisting  tension 
and  compression.  The  diagonals  of  the  former  must  be  either  soft 
or  medium  steel,  while  the  latter  can  be  made  of  considerably  stronger 
steel  with  higher  unit  stresses.    The  weight  of  the  webs  between  the 
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chains  is  approximately  3  000  lbs.  per  linear  foot  of  bridge,  against 
2  600  lbs.  for  the  weight  of  the  webs  of  two-hinged  suspended  trasses. 

The  comparison  can  now  be  finished.  It  has  been  fonnd  that  the 
weight  carried  by  the  suspenders  is  4  300  lbs.  per  linear  foot  of  bridge 
less  in  the  braced-chain  design  than  in  the  design  with  three-hinged 
suspended  stiffening  trusses.  The  chains  and  suspenders  in  the 
former  design  weigh  13  120,  in  the  latter  the  cables  and  suspenders 
weigh  6  600,  lbs.  per  linear  foot  of  bridge.  Allowing  for  the  webs 
between  the  chains,  the  former  design  weighs  13  120  -f  3  000  —  6  600 
— 4  300  =  5  220  lbs.  per  linear  foot  of  bridge  more  than  the  latter. 

To  fully  appreciate  the  difference  between  the  two  designs  here 
considered,  the  fact  must  be  kept  in  mind  that  the  cables,  suspenders, 
wire  chains  and  their  connections  cost  about  twice  as  much  as  other 
structural  steel.  This  makes  the  difference  between  the  two  designs 
for  the  main  span  equivalent  to  a  difference  of  11  740  lbs.  of  structural 
steel  per  linear  foot  of  bridge. 

The  unit  stresses  in  wire  chains  or  cables  and  in  the  structural 
steel  of  the  stiffening  trusses  (as  far  as  this  is  of  the  same  kind)  have 
been  taken  as  the  same  in  all  the  designs.  In  view  of  the  practical 
impossibility  of  calculating  accurately  the  braced-chain  design,  and 
of  adjusting  it  as  assumed  in  the  calculations,  the  unit  stresses  ought 
to  be  taken  at  least  h%  less  in  this  design  than  in  the  design  with 
three-hinged  suspended  trusses,  if  the  same  degree  of  safety  is  aimed 
at. 

This  would  make  the  difference  in  economy  between  the  two 
designs  still  larger. 

The  calculation  of  more  exact  stresses  in  the  braced  chains  would 
be  a  work  of  months.  In  view  of  the  great  difference  in  the  cost  of 
the  designs  considered,  and  of  the  small  error  which  might  be  found 
in  the  results  of  this  approximate  calculation,  this  work  would  be  an 
unwarranted  waste  of  labor. 

Only  the  main  span  has  here  been  considered.  Any  increase  in 
the  weight  of  the  cables  will  affect  the  rear  spans  also.  Any  increase 
in  the  weight  of  the  main  span  will  affect  the  anchorages,  towers  and 
tower  foundations. 

The  advisability  of  suspending  the  rear  spans  from  the  cables 
depends  so  much  upon  the  local  circumstances  governing  the  cost  of 
piers  that  it  cannot  well  be  discussed  in  a  general  way.     An  actual 
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design  of  the  shore  spans  of  the  Hudson  River  Bridge  showed  a  great 
preponderance  of  advantage  for  spans  supported  from  below. 

If  the  rear  spans  are  supported  from  the  cables,  the  dead  load  only 
can  be  so  supported.  Most  of  the  moving  load  coming  on  the  rear 
span  must  be  carried  by  it,  if  the  main  span  is  at  the  same  time 
unloaded.  If  the  whole  dead  load  of  the  rear  spans  is  carried  by  the 
cables,  they  must  be  anchored  down  at  both  ends,  as  the  moving  load 
on  the  main  span  will  otherwise  lift  them  up.  A  rear  span  equal  in 
length  to  half  the  main  span  will  be  subject  to  stresses  about  twice  as 
large  as  those  in  the  stiffening  trusses  of  the  main  span.  Therefore, 
in  most  oases  it  becomes  advisable  to  anchor  the  rear  spans  by  bents 
near  the  center,  so  as  to  reduce  the  otherwise  excessive  stresses.  The 
cases  where  the  rear  spans  can  with  advantage  be  suspended  from  the 
cables  are  very  exceptional. 

Therefore,  in  what  follows,  the  writer  will  give  methods  for  the 
exact  calculation  of  a  suspension  bridge  with  three-hinged,  deep 
stiffening  trusses.  The  rear  cables  will  be  assumed  to  carry  only  their 
own  weight,  the  rear  spans  being  supported  on  piers. 

The  Calculation  of  the  Stresses  from  Moving  Load,  in 
Three-Hinged  Stiffening  Trusses. 

In  the  following  it  will  first  be  assumed  that  the  curve  of  the 
cable  is,  and  remains  under  all  circumstances,  a  parabola,  then  the 
tension  in  the  wire-rope  suspenders  supporting  the  stiffening  trusses, 
though  variable  for  different  kinds  of  loading,  will  always  be  uniform 
over  the  whole  length  of  the  span.  After  this,  there  will  be  consid- 
ered separately  the  modifications  produced  by  the  facts;  first,  that 
the  stiffening  truss  is  flexible  and  deflects  under  the  influence  of  mo- 
ments and  shears,  whioh  produces  a  similar  deformation  of  the  cables, 
having  the  effect  that  the  stresses  in  the  rope  suspenders  become 
different  throughout  the  length  of  the  span;  second,  that  the  cables 
change  their  length  under  the  influence  of  changing  stresses  and  tem- 
peratures, which  causes  a  drop  or  rise  at  the  center  hinge.  This  has  the 
effect  that  the  curve  of  the  cable,  instead  of  being  one  parabola,  con- 
sists of  two  parabolas  which  meet  at  the  center  hinge  at  an  angle. 
The  cable,  instead  of  having  a  horizontal  tangent  at  the  center,  has 
then  two  tangents  at  the  center  rising  or  falling  against  each  other. 
The  former  of  these  two  cases,  which  would  occur  in  winter  with  a 
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small  load  on  the  bridge,  if  the  suspenders  in  the  center  could  take 
compression  as  well  as  tension,  is  but  slightly  modified  by  the  fact 
that  the  suspenders  are  wire  ropes. 

1.   Calculation  of  Stresses  in  Stiffening  Truss,  Neglecting  its  Elasticity 
and  the  Rise  or  Drop  in  the  Center  of  the  Span. — If  a  single  load,  P,  at 


R 

< 

Mx 

— 1 — i 

J>              c 

i 

\ 

• 

k 

3         J 

1 

l_ 

t 

8 

» 

B 


R, 


Fig.  5. 
the  distance,  xlf  from  the  left  end  of  the  span  (Fig.  5)  is  applied,  the 
following  equations  of  equilibrium  obtain : 

1st.  The  sum  of  all  the  vertical  forces  acting  on  the  truss  equals 
zero. 

2d.  The  moment,  in  regard  to  the  center  hinge,  of  the  forces  acting 
on  the  left  half  truss  equals  zero. 

3d.  The  moment,  in  regard  to  the  center  hinge,  of  the  forces  acting 
on  the  right  half  truss  equals  zero. 

If  the  end  reactions  due  to  the  load,  P,  are  called  R  and  Rl  (Fig. 
5),  if  the  suspender  pull  per  linear  foot  of  bridge  produced  by  the 
load,  P,  is  p,  and  if  the  span  is  /,  we  have : 

R  +  lp  —  J?!  — P  =  0 (1) 


*i-«f-- 


»i+^-'(i-)-' 


(2) 
(3) 


From  these  we  obtain 


P  Xl 


*i  = 


p=P 


4.r, 


(5) 
(«) 


The  moment  at  the  distance  x  from  the  left  end  is,  for  x  <  x1 
Mx  =  Bx+Z£-  =  Px[l+(2x-9l)%] (7) 
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From  this  it  follows  that  a  load,  P,  between  A  and  D  (Fig.  5»,  pro- 
duces a  positive  moment  at  all  points  between  A  and  D,  if  A  D 

=   I 

<T 

A  load  located  m  the  third  sixth  of  the  span,  counting  from  the 
left  end,  produces  a  moment  0  at  a  point  at  the  distance  x  from  the 

left  end  of  the  span,  if  x,  =  — — ,  as  follows  from  Equation  «7)  by 

letting  Ms  =  0.     At  a  smaller  distance  from  the  end  it  produces  a 

negative    moment,  at    a    larger   distance   a    positive   moment.      If 

f                                                                                           f 
x\  >  oi o~ *  then  the  moment  at  x  is  negative;  if  x,  <  -=- 5—, 

then  the  moment  at  x  is  positive. 

Ifx>x„  then  Jf,  =  P jtJ^  (2  x  —  3  A  4-  ll 
This  equation  indicates  that  MM  is  equal  to  the  ordinate  of  a  para- 
bola which  passes  the  axis  of  x,  for  x  =  —  and  x  =  L 

A  force,  P,  in  the  left  half  span  produces  positive  moments 
between  itself  and  the  center  of  the  span,  and  negative  moments  in 
the  whole  right  half  span.  Fig.  6  gives  the  moment  curves  produced 
by  a  load,  P,  in  different  positions  on  the  span. 


MOMENT  Z AGRAM 


Fig.  6. 


Shears. — The  shear  in  a  section  distant  j*  produced  by  a  load,  P,  dis- 
tant x}  from  the  left  end  of  the  span,  where  x  <  xx  <  — ,  is  5  =  B  +  P  x, 


or 


.S=P[l+  ^rtx-3/] 


This  value  of  S  is  positive  for  all  x.  if  x,  <  — .    If  —  <  Xj  <  -=-» 
then  the  load,  P,  produces  a  shear,  0,  at  a  section  distant  x  from  the 
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left  end  of  the  span;  when  xl  = 


(1),  loads  to  the  left  of  this 


3/  — 4a; 

produce  positive  shears  at  x,  loads  to  the  right  produce  negative 

shears  at  x. 

P  x  3 

If  x  is  larger  than  xl  then  8  — -  —^  (4  x  —  3  /).    As  long  as  x  <-j-  / 

the  shear  is  negative;  that  is,  a  load  to  the  left  of  a  section  produces 

negative  shears.    For  x  =  -j,  Equation   (1)   gives  x^  =  ~;  f or  x  =  0, 

Equation  (1)  gives  #!  = —;  that  is,  while  the  section,  the  shear  of 

o 

which  is  considered,  moves  from  the  end  to  the  center  of  the  half 

span.     The  load  which  produces  a  shear,  0,  at  this  section,  moves 

from  a  point  distant  —  to  a  point  distant  77-  from  the  left  end.   The 

3  •  A  v 

shear  in  the  right  half  span  at  the  distance  x  from  the  right  end  of  the 

span  produced  by  a  load  distant  x{  from  the  left  end  of  the  span  is 

P  Xi  /           4  x\ 
S-- J_L  M _L  \ .     This   expression  is  negative   as   long   as 

x  <  -j-,  and  is  positive  for  x  >  —.     That  is,  a  load  in  one  half  span 

produces  negative  shears  at  any  point  between  the  outside  end  and  the 
center  of  the  other  half  span,  and  positive  shears  between  the  center 
of  the  other  half  span  and  the  center  of  the  bridge. 

Fig.  7  gives  the  shear  curves  due  to  a  load,  P,  in  different  positions 
on  the  bridge.  Figs.  6  and  7  will  assist  in  determining  the  positions 
of  the  load  giving  the  largest  moments  and  shears. 


Fio.  7. 


In  the  following  derivation  of  the  formulas  for  maximum  moments 
and  shears,  a  load  of  6  000  lbs.  per  linear  foot  of  truss,  not  more  than 
1  000  ft.  long,  will  be  assumed. 
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/.    Positive  Moments  Producing  Compression  in  the  Top  Chords, — 
(See  Fig.  8.) — To  obtain  the  largest  moment  at  the  distance  x  from  the 
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Fio.  8. 
left  end,  the  moving  load  must  not  cover  those  parts  of  the  span  where 
it  would  produce  negative  moments  at  x.  It  may  not  be  long  enough, 
however,  to  cover  the  whole  of  those  parts  of  the  span  where  it  does 
produce  positive  moments  at  x.  The  load  is  assumed  to  extend  from  a 
point  distant  xx  —  1  000  ft.  from  the  left  end  to  a  point  distant  x1  from 
the  left  end,  and  the  moment  at  the  point  distant  x  from  the  left  end 
is  expressed  as  a  function  of  a^  and  differentiated  in  regard  to  xx  to  find 
the  value  of  xl9  which  gives  the  maximum  moment  at  x.  The  equa- 
tions Disequilibrium  are: 

(B) 


2  800p  +  U  — lOOOw  —  ^  =  0, 

1  400s 
p  _L^1  +^1400  =  0 


2 

14002 
2 


+  R  1  400  —  1  000  w  (1  900  —  x)  =  0. 


(10) 


In  which     p  =  suspender  pull  per  linear  foot; 
w  =  load  per  linear  foot. 


From  these  we  obtain  : 


2*!  =  -j£-  fa 


500) 


(11) 


w 


35j>=-gg  fa -500) 


R  = 


to 


28 


(43  000  —  30  «,). 


id 
2" 


M. 


M  =Rx  +  -^  —  (*  —  *i  +  1000)f-5j 
r43  000         15        n 

+  ^  (*,  -500) -4  (*  -  *t  +  1000)«. 


3920 


dJ^  =  0  gives  us  xx  =  1  000  +  -^  (*  -  280) . 


2 
3920 


(12) 
(18) 


(14) 
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In  the  foregoing  derivation  xx  —  1  000  was  assumed  as  positive. 
That  this  may  be  so,  a:  must  be  equal  to  or  larger  than  280  ft.  If  we 
let  x  =  35  a,  where  a  is  the  panel  index  counting  from  the  end,  we 
obtain  a  >  8.  If  we  introduce  35  a  instead  of  £  in  the  foregoing 
equation  for  xv  we  obtain 

*!  =  1  000  +  -^  a  {a  —  8) (15) 

If  we  introduce  this  value  in  Equation  (14)  and  replace  x  b y  36  a 
w  and  by  3  tons  we  obtain  : 

Mx  =  -£  a  [  13  000  -  JJ?-  a  (a  -  8)] 

The  third  line  is  =  7-^  (120  —  a)» 

We  obtain  by  introducing  this  value  and  reducing  (for  a  >  8). 

We  obtain  for  R,  R1  andp 
86j>=-^-{600  +  -A.a(a-8)[=^jl600+a(a-8)[.(17) 

■B=T[18000-l6-a(ft-8)] <18> 

*i  =  -§g-  [l  600  +  «  (a  -  8)] (19) 

For  a  <  8  the  load  producing  maximum  positive  moments  extends 
from  the  end  of  the  span  to  xv     (See  Fig.  9.) 
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IS 

Fig.  0. 
The  three  equations  of  equilibrium  are: 

2  800  p  +  i?  —  i?!  —  w  xx  =  0 (20) 

i>i^--JJ,  1400  =  0 (21) 

p  i^+  R  1  400  —  to  *,  (l  400  —  ^)  =  0 (22) 
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From  these  we  obtain 


S5p 


to  xx 


2 


*.= 


80  x  1400 
5600" 


(23) 
(24) 
(25) 


R  =  wxX1-fm) 

^  =  «4*'  +  ot(*-4200)-- i\ (26) 


d  M  x 
If  we  differentiate  after  xl  and  let  — =  0,  we  obtain 

&  X\ 

40  x  2  800 
*I~"     120—  a  

If  we  introduce,  this  value  of  xx  into  Equation  (26)  we  obtain,  for 


(27) 


a<8: 


600  X  35 


*,  -in*      [40x2800.    16UUX    35,  -om       35  an 

^-=i^[20x2800--^(120-4 

Ma  =  \?f '5  a  [3  200 -  120  a  +  a% 


Ma  = 


120— a 
1  837.5  a  (80  —  a)  (40  —  a) 


120  — a 
9  600 


(28) 

(29) 

(30) 

(W-<r)» (31) 

Negative  Moments, —  (See  Fig.  10.) — The  equations  of  equilibrium  are 


from  (23)  and  (27)  ^-(i20_<r)* 

/oKx      ^  /orrx  z>        336  000(60  — a) 

from  (25)  and  (27)  R  =  _  -^-i—^ 

from  (24)  and  (27)  R{  =     °72  00° 
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Fio.  10. 

—  R  —  Rl  +  2  800  P  —  3  000  =  0 

_  B  1400  +  Zlig9l_3(^-^=0 

_J?ll400+pifg.,-8(1400-^  =  0, 


(32) 
(33) 

(34) 
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From  these  we  obtain 

B  =  TiW  | _  "?  +  X  m  **  +  M  °°°  1 W 

JJ,  =-y^  |  —  x?  +  2  800  ar,  —  810  000  1 (86) 

p  =  x^qS  )-V  + 1800*1 +  840000  J (37) 

We  obtain,  therefore,  for  Mz  =  —  iJ  *  +  ^-jj--,  substituting  p  and 
iJ  from  Equations  (87)  and  (86), 

Ml=z-Tik  {— ^*+  1800^  +  90  000[ 

+  2xf*00»  )-*.,  +  1800a!i  +  840000} t38) 

d  M 
Differentiating  after  xv  and    letting  —z — x  =  0,   we  obtain,  after 

Cm  Xi 

•   *-  a     •       qC     m                     100  (520  —  9  a)  /QOX 

introducing  35or  for  x9   .r,  = ^r '-    (39) 

Ifjwe  introduce  this  value  of  #,  into  Equation  (38)  we  obtain, 


M            -*<  (        10  000  (520  -  9  <r)»  ,  130  000  (520-  9  a)  ±onnnn| 
*"=—&{ (S0=ay +  — " 80=^  +90000^ 

,       --       [       10  000  (520  -  9  q)i   ,    180  000  (520  -  9  a)   ,    OJA  ^  j 
+  n-rr^ij  80-a)«  +  80="^  +»4U00U^ 


2  X401 

».  —  ¥{»-«.+ fl3^?| m 

Introducing  ^  from  Equation  (39)  into  Equation  (35)  we  obtain 

after  reduction, 

»_        150   (         4(520-9a)(180-a)> 

* T  \9+   (80 -  a)»  f (     ' 

Intrdoucing  «,  from  Equation  (89)  into  Equation  (87)  we  obtain, 
after  redaction, 

„_     8    J  34  4.    (520  -  9  a)  (920  -  9  a)  >  . .   . 

p-m\U+     80-a)« I (42) 

Shears. — Positive  shears  a?  <  -r- 

The  load  extends  from  x  to  the  right  to  a  point  distant  xl  = 
from  the  left  end  of  the  span.     (See  Fig.  11.) 


3/— 4a? 


*  ■   ■   ■    ■  y.-    J    w  ■'  "  ■'    *■* 


r 


-xr 


Fig.  11. 
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The  length  of  the  load,  xx  —  x  = 5-7 j 

The  equations  of  equilibrium  are: 

B+pl-R.-n,  P~38,^ +***  =  (> (43) 

■"  2  +  8  "         31  —  4x        x  2  _U <**' 

*.  i-^r=0 («> 

From  these  -we  obtain,  after  introducing  a;  =  36  a,  /  =  2  800, 
w  =  3; 

_  21  (1  600  —  60  a  +  a»)  (4  800  —  340  a  +  3  a») 
*  ~  32(60  —  <*)■  l     ' 

_  21  (1  600  —  60  a  +  a*)  (80  —  a)  (20  +  a)  ..« 

*l  ~  3^(60^- ~ap  {     ' 

_  3  (1  600  —  60  a  +  a8)  (80  —  a)  (20  +  a)  (m 

P    ~~  3  200(60— a)a  (    ' 

a  <  20;  x  <  -j-. 
Positive  Shears.—  a  >  20,  0  >  -j-.     (See  Fig.  12. ) 

« 09 X 1000 X 05; »! 


* 

1800-*— ; A—  «r400-^f-1400-a>I^rt 1800-0 * 

Fig.  12 

For  this  position  of  load  we  found,  under  the  head  of  negative 
moments, 

r = i~ iooi  —  *? + *  30°  *l  +  90  00°  I 

*  =i^-{-^i3+1800x,  +  340  000| 

We  obtain  from  this,  by  introducing  for  a?,  its  equivalent  1  800  —  x9 
and  letting  x  =  35  a,  after  reduction 

J*  ==  *  a  (460  —  7  a)  —  1736.7 

35  p  =  ^-  a  (360  —  7  a)  +  18.214 

a>20. 
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Negative  Shears.—  a  <  15.     (See  Fig.  13.) 


Jp=i 
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We  have  found  previously,  for  this  position  of  load, 
B  =  j^Q  |  —  a£  +  1  300  xl  +  90  000  | (49) 

i>   =  j^,{-*i2  +  1800*1+34000o}  (50) 

£*  =  -#  +  p*=T|^{+*12-1300*1-90  000+T| 

(—  a?A2  +  1  800  xx  +  340  (XX))  j 


400 


If  we  differentiate  in  regard  to  xlt  and  let 


dSxx 
dx 


==  0,  we    obtain, 


after  reduction,  a?i  =  100    ^ — .     Introducing  this  value  of  x^  in 

Equations  (49)  and  (50),  we  obtain 

R  _1_  J50  9  a2  —  820  a  +  16  400 

7  (40  —  a)2 

ft-  75    23  a2—  1840  a  +  34  800 

35i>  =  28  (40  -  a)4 

Negative  Shears:   Second  Alternative    of  Loading. — (See   Pig.    14). 

15<  a  <  29.     For  this  loading  we  fonnd  previously: 


W  .'  ,t  .'     I  , 


f 


-f  r  ■  '  -     -'-'-'-     -  - '  -'   -     "   ■ 


-«- 


Fig.  14. 
3a: 


21a2 


160  — 3  a 


35  p  = 


5  600 

w  x2 


32 


80  X  1 400  ~     640   ' 
A  numerical  calculation  shows  that  this  second  kind  of  loading  for 
negative  shears  gives  larger  results  than  the  loading  above  given  for 

a  >  15. 

Negative  Shears. — (See  Fig.  15.)     x  >  1 000,  a  >  29.     The  equations 
of  equilibrium  are 

i*  +  2  800p  —  1000w—  i*1=0 (51) 

jBj  1400  —  1400  X  700p  =  0 (52) 

R   1  400  —  1  000  w  (1  900  —  x)  +  p  1  400  x  700  =  0 (53) 
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Fig.  16. 


From  these  we  obtain  p  =  — ' — 550 » 


15 


75 


B  =  ii  I860  — 21  aj. 


35p=  jg  (7  a -100), 

For  obtaining  the  maximum  strains  in  the  diagonals,  several  values 
of  a  have  sometimes  to  be  tried. 


On  the  Diminution  of    the  Moving-Load  Stresses  in  Stiffening 

Trusses  by  theib  Deformation. 

The  stiffening  trusses  will  deflect  under  the  influence  of  the  moving 
load;  in  consequence,  the  cables,  which  are  parabolas  as  long  as  the 
stiffening  trusses  are  straight,  will  change  their  shape,  and  the  loads 
per  linear  foot  of  bridge  carried  by  them  will*  not  be  uniform  over  the 
whole  length  of  the  span.  Where  the  stiffening  trusses  deflect  down- 
ward, the  load  on  the  cables  will  be  more,  and  where  they  deflect  up- 
ward it  will  be  less,  than  it  would  be  if  the  stiffening  trusses  did  not 
change  their  form. 

For  the  purpose  of  obtaining  as  good  an  approximation  to  the  actual 
stresses  as  is  easily  practicable,  it  will  be  assumed  that  the  loads  on  the 
cables  are  uniform  above  the  moving  load  1  000  ft.  long  and  that  they 
are  also  uniform  above  the  unloaded  part  of  the  bridge.  The  vertical 
deformation  of  the  cables  will  be  very  nearly  the  same  as  the  vertical 
deformation  of  the  stiffening  trusses  below  them,  as  the  slight  change 
in  length  of  the  suspenders,  due  to  the  unequal  stresses  in  them,  above 
the  loaded  and  unloaded  part  of  the  bridge  may  be  neglected.  To 
obtain  the  difference  in  load  on  the  cables  above  the  loaded  and  above 

the  unloaded  parts  of  the  bridge,  we  equate  the  deflection  produced 

• 

in  the  cables  by  the  difference  in  the  loads  on  different  parts  of  them, 
and  the  deflection  of  the  stiffening  trusses  produced  by  their  stresses. 
For  the  sake  of  simplicity  we  determine  the  deflection  of  both  the  cables 
and  the  stiffening  trusses  700  ft.  from  the  end  of  the  loaded  half  span 
of  the  stiffening  trusses,  taking  the  span  of  the  cables  to  be  2  800  ft. 
and  the  deflection  one-eighth  of  the  span.     We  farther  assume  the 
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moving  load  1  000  ft.  long  to  be  in  the  center  of  the  half  span.  All 
the  dead  load,  being  uniform  over  the  whole  span,  is  carried  by  the 
cables,  and  produces  no  stress  in  the  stiffening  trusses. 

In  Fig.  16,  the  dotted  curve  gives  the  position  of  the  cables  under 
unequal  loading,  the  full  curve  that  under  equal  loading.  The  shaded 
area  gives  the  load  carried  bj  the  cables. 
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If  the  moving  load  per  linear  foot  is  r,  extending  from  Fto  G, 
then  we  have,  in  accordance  with  the  above  assumptions  a  uniform 
load,  p,  per  linear  foot  of  bridge  acting  on  the  parts  A  E  and  D  B  of 
the  cables  and  a  larger  load,  say,  p  +q  per  linear  foot  of  bridge  acting 
on  the  part  E  D  of  the  cables.  On  the  stiffening  trusses  we  have,  on 
the  parts  MF  and  G  L,  one  uniform  upward  pull  per  linear  foot  of 
bridge,  and  another  uniform  downward  pull  per  linear  foot  of  bridge 
over  the  part  F  G.  On  this  latter  part,  the  upward  force  from  the 
cables  per  linear  foot  of  bridge  is  larger  by  the  amount,  q,  than  on  the 
remainder  of  the  span;  the  downward  force  from  the  loads  is  larger  by 
the  amount,  r,  per  linear  foot  of  bridge  than  on  the  remainder  of  the 
span.  The  resultant  downward  force  on  F  G  is  different  from  the 
force  acting  on  the  remainder  of  the  stiffening  truss  by  the  amount, 
r  —  <1>  per  linear  foot  of  bridge.  If  the  load  per  linear  foot  were  the 
same  over  the  whole  length  of  the  cables,  then  this  difference  would  be 
r  instead  of  r  —  q.  That  is,  the  effect  of  the  difference,  q,  in  the 
load  per  linear  foot  on  the  different  parts  of  the  cables  is  equiva- 
lent to  an  equal  diminution  in  the  moving  load  acting  on  the  stiffening 
trusses. 

For  the  purpose  of  obtaining  the  change  in  the  deflection  of  the 
cables: 
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Let  R  =  the  vertical  reaction  at  the  top  of  the  left  tower,  due  to 
the  cables  of  the  main  span; 
H=  the  horizontal  reaction; 
K  =  the  lowest  point  of  the  cables; 
h  =  the  dip  of  the  cables; 
k  =  the  distance  of  the  lowest  point  of  the  cables  from  the  left 

tower. 

Then  R  =  1  400  p  +  750  q;  also,  R  =  p  k  +  1000  q\  and  from 
these  two  equations  we  obtain: 

jc  =  i  400  —  250  -2.; 

P 

also  Hhx  =  R  k  —  -£  **  —  1  000  q  (k  —  700) 

After  introducing  the  values  for  R   and  k  from  the  foregoing 

equations,  we  obtain  H  =  ^  (l  400  -f  250  S^\ 

The  equation  of  the  parabola  E  D,  with  A  as  origin,  A  B  as  axis  of 
x%  and  A  M as  axis  of  y,  is: 

Rx-Hy-^f-  -|(.r-200)2=0. 

After  introducing  R  and  H  from  the  foregoing  equations,  we 
obtain  for  the  ordinate  yx  of  the  point  of  the  parabola,  E  D,  distant 
700  ft.  from  the  left  tower: 


588  +  320      q 

(»  +  •*) 


Jfi  =  *  "7 rr/ 


If  the  same  amount  of  load  on  the  cables  as  above  assumed  were 
equally  distributed  over  their  length,  the  dip  would  be  hJy  and  the 

ordinate  of  the  points  of  the  cables  700  ft.  from  the  ends  of  the  span 

3 
would  be  j/j  =  y  A,. 

If  A,  is  calculated  it  is  found  to  be  very  nearly  equal  to  A,  so  that 
the  difference,  h  —  hu  may  be  neglected.  The  change  in  the  ordinate 
of  the  cables  700  ft.  from  the  left  tower,  therefore,  is 

588—320-2- 

i  P  3    ft, 
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If  we  let  y1  —  y2  =  S  and  -^  =  t,  and  find  /  from  the  foregoing 
equation,  we  obtain  


55ft  — 1403  —  55  */  ft  (ft  —  9.958) 
*  —  18.75  ft  +  25  6 

S  is  the  change  in  the  ordinate  of  the  cables  700  ft.  from  the  left 
tower,  due  to  their  unequal  loading  as  compared  with  equal  loading  of 
the  same  amount.  This  must  be  equal  to  the  deflection  of  the  stiffen- 
ing trusses  directly  below,  caused  by  the  stresses  due  to  the  given 
loading. 

This  deflection,  calculated  from  a  stress  sheet  of  the  stiffening 
trusses,  is  2.5  ft.,  and  ft  is  equal  to  350  ft.  If  these  values  are  intro- 
duced into  the  foregoing  formula  for  t,  we  obtain : 

t  =  -2.  =  0.05232;    or?  =  0.05232  p. 
P 
The  dead  load  per  linear  foot  of  bridge  on  each  side  of  the  axis  is 

14  000  lbs.,  and  the  corresponding  moving  load  is  6  800  lbs.  per  linear 

foot  of  bridge.     The  latter  is  1  000  ft.  long.     Since  the  downward 

forces  acting  on  each  truss  are  equal  to  the  upward  forces  acting  on 

it,  we  have: 

R+Rx  +  6  800  X  1  000  +  14  000  X  2  800  =  g  X  1  000  +  p  2  800. 

The  two  end  reactions  R  and  Rx  of  the  stiffening  trusses  are  alike 
and  opposite  for  this  kind  of  loading.  After  the  introduction  of  the 
value  of  q  from  the  previous  equation  and  reduction,  the  equation, 
therefore,  becomes  p  =  16  128  lbs. ;  and,  from  this  and  the  previous 
equation,  q  =  844  lbs.  The  result,  therefore,  is  that  the  cables  on 
each  side  of  the  axis  distribute  844  lbs.,  and  each  stiffening  truss  5  956 
lbs.  of  the  total  moving  load  of  6  800  lbs.  per  linear  foot  of  bridge. 

As  can  be  shown  by  a  lengthy  argument,  which  the  writer  will  not 
introduce  here,  the  assumption  made  that  the  loads  acting  on  the 
cables  are  uniform  over  the  loaded  part  of  the  span,  and  also  uniform 
but  different  over  its  unloaded  part  is  not  quite  correct.  The  method 
here  used  for  finding  the  part  of  the  moving  load  which  is  distributed 
by  the  cables,  therefore,  is  approximate  only. 

In  the  case  of  deep  stiffening  trusses,  the  diminution  of  the  stresses 
from  moving  load,  in  consequence  of  the  deflection  of  these  trusses, 
amounts  to  about  one-eighth  of  the  total  stress  which  would  exist  if 
the  trusses  were  rigid,  or  to  one-seventh  of  the  stresses  obtained  in  the 
stiffening  trusses.     An  error  of  10%  in  this  correction,  therefore, 
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amounts  to  only  \A%  of  the  stress  obtained.  The  method,  there 
fore,  may  be  used  for  deep  trusses  without  serious  error.  For  very 
shallow  trusses  it  would  be  objectionable,  as  the  error  there  would  be 
a  large  fraction  of  the  final  result.  Very  shallow  trusses,  however,  can 
only  be  used  for  highway  bridges.  Center  hinges  in  them  are  super- 
fluous. 

The  results  here  obtained,  in  regard  to  the  relative  economy  of 
three-hinged  and  two-hinged  stiffening  trusses  and  braced  chains, 
apply  only  to  bridges  of  about  the  dimensions  of  the  example  chosen 
for  the  comparison. 

The  formulas  given  for  the  calculation  of  the  moving-load  stresses 
in  a  stiffening  truss  of  three  hinges  apply  only  to  a  truss  of  2  800  ft. 
span  with  80  panels  of  35  ft.,  and  with  a  moving  load  of  3  tons  per 
foot,  1  000  ft.  long  or  less.  The  formulas  can  easily  be  changed  to 
suit  a  different  number  of  panels  or  a  different  amount  of  load.  The 
manner  of  obtaining  the  formulas  is  given,  and  can  be  applied  to  any 
length  of  span  and  any  length  of  load. 

The  formulas  given  have  been  repeatedly  checked,  first  by  Mr.  E. 
Ludlow  Gould,  then  by  Mr.  Edwin  Duryea,  Jr.,  and  by  Mr.  Alfred 
Noble.  They  were  used  in  making  the  stress  sheets  repeatedly 
referred  to. 

The  Peopeb  Unit  Stresses  in  the  Stiffening  Trusses. 

The  trusses  here  considered  differ  from  ordinary  trusses,  for  which 
the  usual  unit  stresses  are  appropriate,  not  only  by  the  unprecedented 
span,  but  by  other  characteristics  which  have  an  important  bearing  on 
the  selection  of  the  unit  stresses.  All  members  of  these  trusses  are 
subject  to  opposite  stresses  of  nearly  equal  amounts.  The  stresses  of 
one  kind  are  the  consequence  of  upward  pulls  by  the  suspenders 
above  the  unloaded  parts,  which  are  in  excess  of  the  weights  directly 
below.  These  stresses  reach  the  trusses  in  a  very  indirect  way,  as 
they  travel  from  the  moving  loads  by  the  nearest  suspenders  into  the 
cables,  through  these  to  other  suspenders  and  through  them  to  the 
unloaded  parts  of  the  trusses.  The  maximum  stress  of  one  kind,  even 
in  the  floor-beam  suspenders,  is  due  to  the  co-operation  of  loadB  on  at 
least  six  tracks.  The  maximum  stress  of  the  other  kind  is  due  to  a 
definite  position  of  ten  trains  of  maximum  weight.  In  all  other  mem- 
bers, except  the  floor-beam  suspenders  (which  need    special   unit 
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stresses),  both  kinds  of  stresses  only  occur  by  the  coincidence  of  ten 
trains  of  maximum  weight  in  a  definite  position  on  the  bridge.  A 
peculiarity  of  the  stiffening  trasses  is  that  any  load  in  the  wrong  place 
diminishes  the  stresses  instead  of  increasing  them. 

To  assist  in  the  judicious  selection  of  the  unit  stresses  the  writer 
will  give  in  figures  a  rough  approximation  to  the  frequency  of  occur- 
rence of  given  fractions  of  the  maximum  stresses.  For  this  purpose 
an  estimate  of  the  number  of  trains  of  maximum  weight  is  required. 

The  freight  trains  of  1  500  tons  would,  if  ever,  rarely  go  to  the 
city,  and  would  probably  never  leave  the  city.  It  will  be  assumed, 
however,  that  two  such  trains  will  pass  each  way  daily,  and  150 
trains  per  day  of  half  this  weight  on  each  track. 

On  the  long-distance  passenger  tracks,  it  will  be  assumed  that 
there  are  on  each  track  20  daily  trains  of  750  tons,  and  120  daily  trains 
of  half  the  weight. 

On  the  six  tracks  connected  with  the  elevated  and  underground 
roads  in  New  York  it  will  be  assumed  that  there  are  on  each  track  60 
trains  of  maximum  weight  per  hour  for  four  hours  each  day,  and  20 
trains  of  half  weight  per  hour  for  the  remainder  of  the  day. 

These  assumptions  are  somewhat  arbitrary,  but,  undoubtedly  err 
by  excess  rather  than  deficiency.  The  street-car  tracks  will  have 
practically  uniform  loads  over  the  whole  span,  and  need  not  be 
considered  here. 

Each  train  will  produce  maximum  stresses  in  any  one  member  only 
in  one  position;  but  it  will  produce  stresses  near  the  maximum  in 
neighboring  positions.  All  trains  will  produce  important  stresses  of 
one  kind  in  any  given  member  during  about  800  ft.  of  their  motion. 
A  speed  of  40  ft.  per  second  will  be  assumed.  Each  train,  therefore, 
will  produce  important  stresses  during  not  more  than  20  seconds. 
All  the  freight  trains  are  assumed  to  be  crowded  into  12  hours  each 
day.  The  two  freight  tracks  are  assumed  to  be  in  the  center  between 
the  trusses;  the  two  long-distance  passenger  tracks  are  assumed  to  be 
on  one  side,  between  the  freight  tracks  and  the  trusses. 

There  would  be  one  eastward  freight  train  of  maximum  weight  in  a 
position  to  produce  its  share  of  the  maximum  stress  of  one  kind  in 
any   member  for  less  than  40  seconds  during  each  12  hours,  or  for 

r^Q~  of  the  total  time.     There  would  be  two  freight  trains  of  maximum 
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weight  in  the  proper  position  on  the  bridge  to  produce  their  share  of 
the  maximum  stress  of  one  kind  in  any  member  of  the  trusses  for 

inM*  °'  *ne  tot*!  time.     While  the  former  event  occurs  twice  a  day, 

the  latter  occurs  only  once  in  540  days,  or  once  in  1.48  years.  This 
combination  produces  less  than  44. 1%  of  the  maximum  stress  in  the 
stiffening  trusses. 

On  the  long-distance  passenger  track  near  one  truss  there  is  one 

train  of  maximum  weight  for  400  seconds  every  24  hours,  or  for  ^-^ 

of  the  total  time.  This  train  produces  a  stress  in  the  rear  truss  of 
less  than  18.22%  of  the  maximum  stress  during  this  time.  It  coin- 
cides in  the  proper  position  with  the  two  freight  trains  producing 
44.1%  of  the  maximum  stress  less  than  once  in  1.48  X  216  =  320 
years.  The  stress  due  to  this  coincidence  is  less  than  62%  of  the 
maximum  stress. 

A  light  passenger  train  on  the  other  long-distance  passenger  track 

is  for  £t%  of  the  time  in  the  proper  position  on  the  bridge   to  produce  a 
oo 

stress  not  exceeding  9.8%  of  the  maximum  stress.  A  stress  of  72% 
due  to  this  combination  occurs  less  frequently  than  once  in  320  X  36 
=  11  520  years.  A  heavy  suburban  train  on  the  track  nearest  the  truss 
considered  occurs  during  four  hours  each  day  for  one-third  of  the  time 
in  a  position-to  produce  a  stress  not  exceeding  5.5%  of  the  maximum 
stress.  A  stress  of  77.5%  due  to  the  combination  of  all  the  preceding 
trains  occurs  less  than  once  in  11  520  x  9  =  103  680  years. 

If  we  take  heavy  freight  trains  on  the  two  freight  tracks  and  light 
passenger  trains  on  the  passenger  tracks  near  the  truss  considered,  we 
find  that  56%  of  the  maximum  stress  occurs  less  than  once  in  27  years. 

If  we  take  the  four  hours  of  heavy  suburban  traffic,  we  find  that 
there  is  one  train  in  proper  position  to  produce  large  stresses  for  \  of 
the  time,  two  trains  for  J-  of  the  time,  3  trains  for  -fa  of  the  time,  4 
trains  for  Jt  of  the  time,  5  trains  during  ^ij  of  the  time,  and  6  trains 
during  ^4*  of  the  time.  The  last  combination  occurs  once  a  day,  and 
it  produods  45%  of  the  maximum  stress  in  one  of  the  trusses.  The  two 
heavy  freight  trains  coincide  during  these  four  hours  once  in  4£  years. 
A  stress  equal  to  89%  of  the  maximum  occurs  less  than  once  in  4.5  x  729 
=  3  180  years.  If  the  heavy  passenger  train  on  the  track  nearer  this 
truss  is  combined  with  the  last  combination  we  obtain  96%  of  the 
maximum  stress  once  in  3  180  X  216  =  687000  years.      The  maximum 
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stress  itself,  according  to  the  assumptions  made,  would  occur  once  in 
687  000  x  216  =  148  350  000  years.  The  frequency  of  occurrence  of 
the  various  percentages  of  the  maximum  stress  here  given,  is  evidently 
much  exaggerated  as  it  has  been  assumed  that  each  train  will  produce 
its  greatest  effect  for  20  seconds. 

The  experiments,  which  show  that  by  the  frequent  application  of 
opposite  stresses  it  is  possible  to  break  a  bar  with  a  much  smaller 
stress  than  if  only  one  kind  of  stress  is  used,  therefore,  have  no  bearing 
on  this  case.  The  theoretical  maximum  stress  may  occur  once  in  the 
lifetime  of  the  bridge,  but  even  this  is  extremely  improbable.  One  is 
therefore  amply  justified  in  dimensioning  the  stiffening  trusses  by 
considering  only  that  maximum  stress  which  requires  the  larger  sec- 
tion. Impact  in  the  main  diagonals  and  chords  of  this  bridge  is  a 
practically  negligible  quantity.  The  maximum  wind  stresses  are  also 
of  rare  occurrence,  and  their  coincidence  with  the  maximum  moving- 
load  stresses  is  extremely  remote. 

The  maximum  stresses,  therefore,  may  be  treated  as  if  they  were 
dead-load  stresses  of  only  one  kind.  For  dead-load  stresses  two-thirds 
of  the  elastic  limit  of  test  specimens  is  generally  considered  a  safe 
stress.  The  steel  in  the  stiffening  trusses  has  been  assumed  to  have 
an  ultimate  strength  of  80  000  to  90  000  lbs. ,  and  an  elastic  limit  of 
45  000  lbs.  per  square  inch.  A.  stress  of  30  000  lbs. ,  therefore,  would 
be  a  safe  unit  stress,  if  all  the  stresses  were  considered.  The  weight 
of  the  members,  and  the  wind  pressure  on  them,  produce  bending 
stresses  which  wore  not  considered  in  dimensioning.  To  allow  for 
these  a  stress  of  27  000  lbs.  per  square  inch,  net  section,  has  been 

used  for  tension,  and  27  000  —  108  —  was  taken  as  the  unit  stress  in 

r 

compression.  For  moving  load  alone  the  corresponding  unit  stresses 
were  22  500  and  22  500  —  90  - ; . 

For  the  cables,  wires  of  an  ultimate  strength  of  at  least  200  000  lbs. 
and  an  elastic  limit  of  170  000  lbs.  were  assumed.  The  wire  couplings 
should  have  at  least  95%  of  the  strength  of  the  wires. 

If  the  cables  are  properly  designed,  so  that  the  bending  stresses  in 
them  are  of  small  amount  and  known  with  certainty,  a  unit  stress  of 
70  000  lbs,,  per  square  inch  is  perfectly  safe,  if  the  bending  stresses  are 
neglected. 
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MECHANICAL  INSTALLATION  IN    THE  MODERN 

OFFICE  BUILDING. 

Discussion.* 


By  Messrs.  Robert  C.  Clabkson,  John  W.  Htll,  William  Copeland 

Fubber  and  Charles  G.  Darbach. 


Mr.  Clarkson.  Robert  C.  Clabkson,  M.  Am.  Soc.  C.  E.  (by  letter). — The  modern 
office  building  has  been  compared  to  a  city  or  town,  and  to  the  hnman 
frame,  and  had  the  latter  been  the  hnman  body,  the  simile  would  have 
been  most  apt,  for  in  the  human  body  dwells  each  being  individually, 
and  in  that  structure  each  being  takes  intense  interest,  devising  means 
to  strengthen  and  repair  any  inherent  or  temporary  weakness  and  to 
keep  the  same  in  a  complete  condition  to  resist  the  passing  storm  or 
the  inevitable  decay  of  time. 

The  structural  engineer  has  to  do  with  the  skeleton  or  framework 
upon  which  the  architect  rears  his  flesh  and  beauty  of  wall  and  orna- 
ment, but  to  the  consulting  mechanical  engineer  is  given  the  duty  of 
caring  for  the  brain,  lungs,  heart,  veins,  muscles  and  sinews  which 
give  to  the  whole  its  mechanical  life  and  fit  it  to  man's  uses  and  needs. 

It  is  to  the  creation  and  design  of  the  actuating  mechanisms  that 
this  interesting  paper  has  been  devoted,  and  the  writer  deems  it  fitting 
to  add  his  chapter  to  the  volume. 

The  surest  method  of  proportioning  the  amount  of  boiler  power  to 

be  provided  is  to  calculate  and  construct  diagrams  or  "  load-lines  "  of 

the  various  machinery,  extending  them  over  a  range  of  twenty-four 

•  Continued  from  December,  1901,  Proceedings.  See  August.  1901,  Procetdinga,  tor 
paper  on  this  subject  by  Charles  Q.  Darrach,  M.  Am.  Soc.  C.  E. 
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hours,  during  the  several  seasons  of  the  year,  to  meet  the  most  severe  Mr.  ciarkeon. 
conditions ;  a  combination  of  the  several  load-lines,  of  the  machinery  to  be 
operated  at  the  same  time,  giving  the  maximum  power  to  be  generated. 
The  amount  of  reserve  power  must  be  determined  by  the  method  of 
operation,  available  space,  and  special  conditions  to  be  overcome  in 
each  installation. 

The  heating  plant,  no  matter  how  carefully  calculated  and  designed, 
will  often  seem  to  be  inadequate  during  the  first  winter  of  operation, 
the  greater  portion  of  its  work  being  the  consumption  of  coal  to  eva- 
porate the  moisture  from  the  walls,  floors,  etc. ,  due  to  the  necessary 
use  of  a  great  quantity  of  water,  and  the  soaking  of  rain,  during  the 
course  of  construction. 

Ventilation,  although  not  usually  so  considered,  is  one  of  the  most 
important  items  of  office-building  construction.  The  writer,  after 
twelve  years'  residence  in  a  building*  having  ventilation  for  each  office 
and  other  room,  has  just  completed  a  year's  residence  in  an  unven- 
tilated  building,  f  The  presence  and  operation  of  the  ventilation 
system  in  the  first  building  was  not  particularly  noticeable,  but  its 
absence  in  the  second  building  is  extremely  noticeable,  and  there  is  a 
marked  difference  in  favor  of  the  first  building. 

The  ventilation  system  should  not  be  made  a  part  of  the  heating 
system,  neither  should  the  heating  of  the  building  be  dependent 
thereon,  otherwise  it  is  necessary  to  operate  the  ventilating  system  at 
all  times,  whether  the  building  is  occupied  or  vacant,  with  the  conse- 
quent wasting  of  coal  due  to  drawing  cold  air  from  out-doors,  heating 
it,  and  distributing  it  throughout  the  building. 

The  toilet-room  ventilation  is  best  accomplished,  and  the  most 
effective  results  are  obtained,  by  removing  the  air  from  the  room 
through  the  rear  portions  of  the  closet  and  urinal  stalls.  This  method 
causes  a  constant  flow  of  air  toward  the  source  of  odor,  thus  prevent- 
ing its  dissemination  throughout  the  general  room.  The  registers  also 
present  a  neater  appearance,  with  a  chance  of  a  larger  and  more 
efficient  outlet  than  could  be  obtained  by  the  method  of  connecting 
directly  to  the  china  fixtures. 

The  toilet-room  ventilation  should  be  kept  entirely  separate  from 
the  general  ventilation  of  the  rooms  and  hallways,  the  draught  in  the 
main  flues  and  ducts  being  controlled  by  separate  fans  or  aspirating 
coils. 

It  is  necessary  to  make  provision  fcr  the  maximum  operating  load 
for  electric  lighting  and  electric  power,  and  this  is  a  variable  quantity, 
dependent  upon  the  liberality  of  the  installation  and  the  particular 
tenantry  of  the  building.  The  writer  believes  that  the  maximum  load 
of  the  average  installation  should  be  85%  of  the  installed  fixtures. 

•  Drexel  Building,  Philadelphia,  Pa. 

t  Stephen  Girard  Building,  Philadelphia,  Pa. 
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Mr. CUrkson.  The  " proper  rating"  of  an  engine  and  dynamo  varies  with  the 
viewpoint  of  the  several  parties  interested  in  the  machinery,  and  the 
consulting  engineer  must  determine,  from  the  conditions  to  be  met, 
the  particular  sizes  and  number  of  units  most  advantageous  to  the 
installation.  It  is  obvious  that  machinery  working  ordinarily  to  its 
maximum  capacity  cannot  carry  25  and  b0%  overload,  and  machinery 
to  meet  such  additional  calls  must  be  installed,  under  ordinary  condi- 
tions, to  operate  that  much  below  the  maximum  output.  If,  however, 
the  "  proper  rating  "  is  taken  as  the  point  of  greatest  economy  of  the 
engine,  and  the  heating  limit  of  the  dynamo  is  kept  within  the  range 
of  35°  Cent,  above  the  surrounding  atmosphere,  the  conditions  of  25 
and  50%  overload  for  varying  periods  can  be  taken  care  of  without 
undue  waste  in  operation  or  risk  of  damage  to  the  machinery. 

The  conveying  and  disposing  of  sewage  from  fixtures  below  the 
sewer  level  can  be  accomplished  with  less  risk  of  stoppage,  and  more 
ease  of  operation,  if  the  motive  force  is  compressed  air  applied  directly 
to  the  vessel  holding  the  mass  to  be  disposed  of,  rather  than  by  the 
use  of  a  pump  operating  from  a  tank.  By  the  use  of  compressed  air 
the  working  parts  exposed  to  corrosion  and  clogging  are  reduced  to  a 
minimum,  and  the  operation  of  the  machinery  is  cleanly,  and  with 
facility  for  repairs. 

The  matter  of  fire-protection  is  a  problem  also  contingent  upon  the 
uses  and  tenantry  of  the  building.  The  installation  of  fire-extinguish- 
ers is  not  always  to  be  recommended,  for,  in  many  instances,  they  are 
allowed  to  become  neglected  and  inoperative,  while,  at  best,  few  per- 
sons are  aware  of  the  nature  and  proper  use  of  such  appliances.  If 
fire-extinguishers  are  installed,  they  should  be  given  frequent  atten- 
tion as  to  fittings  and  contents,  and  they  should  be  accompanied  by 
directions  as  to  their  proper  use  printed  in  bold  letters. 

The  installation  of  a  vertical  fire-pipe,  with  hose  at  each  story,  is 
the  usual  method  of  fire-protection,  but  this  is  seldom  erected  with 
complete  facilities.  The  top  of  the  line  should  be  connected  to  a  tank 
at  the  highest  point  of  the  building,  in  such  a  manner  that  the  line  is 
at  all  times  filled  with  water,  and  the  bottom  of  the  line  should  be 
connected  to  the  largest  pump  or  to  a  special  fire-pump  in  the 
machinery  room,  with  a  side  connection,  outside  the  building,  for 
the  connection  of  the  apparatus  of  the  city  fire  department.  With 
proper  signaling  apparatus  from  each  hose  outlet  directly  to  the 
location  of  the  pump,  and  the  introduction  of  the  necessary  check- 
valves,  the  fire-line  should  be  always  ready  for  instant  service,  with  a 
possible  supply  from  three  sources,  varying  as  to  the  extent  of  the  fire. 

The  use  of  automatic  hose-reels,  or  those  in  which  the  revolving  of 
the  reel  opens  the  valve  and  turns  on  the  water  supply,  is  not  to  be 
recommended.  More  damage  can  result  from  the  uncontrolled  water 
than  the  fire  can  accomplish  in  the  few  seconds  necessary  to  turn  a 
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hand-valve.     The  use  of  sprinklers  in  office  buildings  is  also  in  ad  vis-  Mr.  ClarkBon. 
able,  for  the  same  reason, 

The  most  effective  fire-protection  is  careful  watchmen,  with  regular 
fire-drill  of  all  employees. 

The  elevator  service  should  be  considered  as  a  vertical  street  car 
system,  the  hatchways  and  guides  corresponding  to  the  streets  and 
rails;  and  the  operation  of  the  cars  must  be  considered  upon  similar 
lines.  It  would  be  manifestly  impossible  to  operate  a  street  railway 
with  any  degree  of  efficiency  and  carrying  capacity,  if  the  oars  were 
expected  to  run  at  such  speed  and  under  such  control  that  a  stop  was 
possible  every  12  ft.,  yet  this  is  expected  of  an  elevator  service  where 
the  cars  stop  at  each  floor. 

The  problem  may  be  solved  by  dividing  the  building  horizontally 
into  sections,  and  providing  for  each  section  cars  of  such  size  and  num- 
ber as  will  accommodate  the  average  maximum  number  of  passengers 
from  each,  with  the  addition  of  two  or  more  cars  to  stop  at  all  floors 
of  all  sections. 

The  use  of  such  an  arrangement  requires  a  certain  education  of  the 
public,  but,  with  the  tenants  as  guides,  the  outside  public  soon  learns 
the  special  arrangement  of  each  particular  building. 

The  elevator  ears  and  enclosures  should  be  arranged  to  give  the 
greatest  facility  of  loading  and  unloading.  This  is  best  accomplished 
by  double  gates,  opening  the  whole  width  of  the  caf ,  and  by  the  use  of 
signalling  apparatus  directing  the  operator  when  two  or  more  stories 
away  from  a  desired  stop.  If  mechanism  is  introduced  to  operate  the 
doors,  it  should  be  controlled  separately  from  the  mechanism  con- 
trolling the  movement  of  the  car,  and  the  equipping  of  doors  and 
gates  with  devices  to  prevent  the  starting  of  the  car  until  the  gates  are 
firmly  closed  and  fastened  should  be  insisted  upon. 

The  area  of  the  cars  should  not  be  less  than  5£  by  5  ft.  and  the 
maximum  speed  should  not  exceed  500  ft.  per  minute,  for  the  safety 
devices  must  be  set  to  operate  at  a  speed  greater  than  that  of  ordinary 
running,  and  at  a  running  speed  of  over  500  ft.  per  minute  the  car 
will  acquire  too  muoh  momentum  before  the  devices  are  brought  into 
action,  which  may  result  in  serious  damage,  even  though  all  known 
safety  devices  are  in  use;  this  is  particularly  the  case  if  the  operator 
should  lose  control  of  the  car  near  the  bottom  of  the  hatchway,  unless 
the  hatchway  is  fitted  with  an  air-cushion. 

The  question  of  motive  power  for  the  elevator  system  admits  of 
many  varying  answers,  and  the  condition  of  operation  is  an  important 
factor  in  reaching  a  conclusion  as  to  the  most  advantageous  power. 
With  hydraulic  power,  the  question  resolves  itself  into  the  method  to 
be  used. 

One  of  the  smoothest  running  forms  of  hydraulic  elevator  is  that 
of  the  direct  ram  or  plunger  type,  which,  though  there  are  limits  to 
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Mr.  Glarkson.  its  use,  is  available  for  heights  of  200  ft.  and  speeds  up  to  600  ft.  per 
minute.  This  form  of  elevator  combines  safety,  with  economy  of 
operation  and  repairs,  and  minimum  space  occupied. 

Another  type  of  hydraulic  elevator  is  the  vertical  cylinder,  which 
is  smooth  running,  and  economical  in  space,  but  care  must  be  taken  to 
provide  means  to  remove  the  accumulations  of  air  from  the  cylinder, 
otherwise  the  car  will  rebound  at  each  stop. 

The  type  of  hydraulic  elevator  probably  in  greatest  use  is  that 
with  a  horizontal  cylinder,  and  while  not  economical  in  floor  space, 
it  has  many  advantages  to  commend  its  use,  its  capacity  being  limited 
only  by  the  length  of  the  cables  obtainable  and  the  ability  to  con- 
struct cylinders  of  the  desired  length.  With  this  form  of  elevator 
care  must  be  taken  to  provide  means  to  support  the  long  horizontal 
cables  when  the  piston  is  at  its  maximum  extension,  otherwise  the  car 
will  rebound  if  suddenly  stopped. 

Where  the  conditions  are  such  that  the  use  of  hydraulic  power  is 
impossible,  the  electric  elevator  is  available;  but  the  electric  elevator 
requires  constant  attention,  and  successful  operation  depends  upon 
the  contact  of  many  hundred  small  wires,  any  one  of  which  may 
become  loose  and  disable  the  apparatus. 

If  electric  power  is  more  accessible  than  steam,  the  combination 
of  an  electrically  driven  pump  with  a  hydraulic  elevator  makes  an  in- 
stallation economical  in  operation  and  combining  the  economy  of  elec- 
tric power  with  the  simplicity  of  the  hydraulic  cylinder. 

Other  items  of  lesser  importance,  such  as  distribution  of  cooled 
drinking  water,  niters,  telegraph  and  telephone  communication,  time 
distribution,  watchman's  clocks,  etc.,  vary  so  much  that  they  must  be 
solved  to  suit  each  structure,  and  are  not  amenable  to  any  fixed  rules. 

In  all  the  foregoing  it  is  supposed  that  the  architect  will  co-op- 
erate with  the  engineer,  and  provide  ample  space  for  the  installation 
of  all  necessary  machinery,  and  that  the  owner  will  provide  a  suffi- 
cient number  of  skilled  attendants  to  operate  and  care  for  the  appa- 
ratus. Many  times,  however,  does  every  engineer  find  that  he  must, 
to  save  his  reputation,  either  antagonize  the  architect,  to  obtain  suffi- 
cient space,  or  the  owner,  to  obtain  permission  to  install  machinery  of 
sufficient  size  and  construction,  or  is  forced  to  abandon  the  work  en- 
tirely; every  foot  of  space  devoted  to  machinery,  ventilating  flues, 
etc.,  being  deemed  as  so  much  loss  to  the  money -earning  value  of  the 
building. 

Mr.  Hill.  John  W.  Hill,  M.  Am.  Soc.  0.  E.  (by  letter). — This  paper  and  the 
discussions  contain  enough  matter  to  show  that  the  mechanics  of 
the  modern  office  building  are  sufficient  to  constitute  an  art,  and  re- 
quire for  their  proper  treatment  the  aid  of  a  specialist  in  this  line  of 
mechanical  engineering.  With  reference  to  the  steam  heating  of  the 
tall  office  building,  several  factors  seem  to  require  consideration: 
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(1)  The  volume  or  cubical  contents  of  the  building.  Mr.  Hill. 

(2)  The  exposure  of  dead  wall  surface  and  glazed  apertures. 

(3)  The  ceiling  height  of  stories. 

(4)  The  construction  of  dead  wall  (whether  solid  or  with  denned 
air-spaces). 

The  minimum  temperature  of  the  atmosphere  for  a  given  locality, 
and  the  maximum  velocity  of  winds  to  be  considered,  must  also 
enter  into  any  formula  which  undertakes  to  provide  mathematics  for 
the  steam  or  other  methods  of  heating. 

The  influence  of  light- wells  and  elevator  shafts  in  forming  an  up- 
cast, and  of  leaks  around  door  and  window  frames  and  sash  withdraw- 
ing warm  air  from  the  surrounding  rooms,  must  have  an  effect  on  the 
cost  of  heating,  although  the  ventilation  thus  afforded  should  be  con- 
sidered as  an  advantage  to  the  occupants  of  the  building. 

The  indirect  system  of  heating,  viz.,  by  drawing  fresh  air  from  the 
outside  of  each  room  or  floor  around  the  steam  radiators  distributing 
the  warm  air  through  the  rooms  and  withdrawing  it  through  ventilat- 
ing pipes  or  ducts,  has  the  advantage  of  frequent  change  of  the  air 
inspired  by  the  tenants,  but  in  the  matter  of  coal  charges  will  usually 
be  the  most  expensive  system  of  heating  to  maintain.  There  is  no 
good  reason  why  this  system  cannot  be  successfully  operated,  but  the 
cost  of  introduction  and  operation  doubtless  opposes  its  more  exten- 
sive use  in  modern  public  buildings. 

High  fuel  economy  cannot  be  expected  in  the  power  required  to 
operate  the  elevators,  when,  within  a  few  seconds,  the  loads  vary  from  no 
load  at  all  to  a  maximum;  but  some  system  which  will  admit  of  stor- 
ing energy  during  the  periods  of  low  work,  to  be  given  out  during 
periods  of  high  work,  by  storage  batteries,  water  tanks  or  air  receivers, 
should  give  the  best  economy,  although  such  systems  will  not  be 
adapted  to  handle  rapidly  heavy  loads  quiokly  repeated.  Hydraulic 
elevators,  arranged  to  consume  water  in  proportion  to  the  load  han- 
dled and  the  distance  traveled,  should  represent  the  least  unavoidable 
loss  between  the  development  and  application  of  power.  "Whether 
such  elevators  have  been  reduced  to  practice  the  writer  does  not 
know,  but  efforts  in  this  direction  were  made  more  than  twenty  years 
ago.  Such  a  system,  if  supplied  from  the  city  mains,  should  be  an  eco- 
nomical elevator  power,  provided  the  water  rents  are  moderate. 
Electric  elevators  supplied  from  "commercial  "  currents  are  econom- 
ical in  consumption  of  power,  and  should  consume  current  approxi- 
mately in  proportion  to  the  load  handled  and  the  distance  traveled. 
Local  conditions  must  control  in  each  case,  and  no  rule  of  universal 
application  can  be  laid  down  for  the  source  of  elevator  power.  The 
fact  that  an  electric  current  is  needed  for  illuminating  the  modern 
office  building,  and  that  this  current  can  usually  be  supplied  more 
cheaply  in  the  building  than  by  connection  with  "commercial ''  cur- 
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Mr.  Hill,  rents  suggests  the  farther  development  of  the  electric  system  to  pro- 
vide power  for  the  operation  of  the  elevators  and  other  motion  machin- 
ery in  the  building. 

There  are  one  or  two  features  of  the  modern  office  building,  not  of 
an  engineering  nature,  which  possess  interest  alike  to  the  investors 
and  patrons  of  such  structures,  viz.,  the  financial  returns  upon  invest- 
ments in  such  enterprises,  and  the  economies  and  advantages  to  the 
occupants. 

While  the  financial  returns  must  necessarily  vary  with  the  value  of 
ground  and  improvements,  and  the  location,  and  with  the  character  of 
the  business  conducted  by  the  tenants,  still  it  has  happened  that  thus 
far  such  buildings  are  promptly  and  steadily  tenanted  by  people  who 
rarely  default  in  their  rents;  and,  upon  the  assumption  that  the  own- 
ers have  proportioned  the  rents  to  the  gross  investment  and  main- 
tenance charges,  it  is  fair  to  believe  that  such  buildings  are  usually 
profitable  sources  of  investment.  At  the  same  time  it  would  be  of 
general  interest  to  compare  two  columns  of  figures,  one  containing 
the  interest,  and  other  fixed  charges  due  to  the  invested  capital,  and 
the  operating  and  maintenance  charges,  and  the  other  the  gross 
income  from  rents.  Some  of  these  buildings,  as  is  well  known,  have 
cost  more  to  construct  than  certain  prosperous  short  lines  of  railway, 
and  many  of  them  have  been  built  by  syndicates  or  corporations 
organized  in  quite  the  same  manner  as  railway  corporations. 

The  fact  that  such  buildings  find  tenants,  even  before  they  are 
ready  for  use,  suggests  that  the  tenants  find  the  use  of  such  buildings 
profitable,  or  are  willing  to  pay  for  the  extra  comforts  and  conve- 
niences which  they  afford. 

Contrasting  the  old-fashioned  office  quarters,  with  their  poor  light 
and  heat,  and  their  generally  uninviting  appearance,  with  the  modern 
conditions,  suggests  that,  aside  from  the  contracted  space  which  is  now 
often  made  to  answer  for  formerly  large  rooms,  there  are  advant- 
ages to  tenants  for  which  they  are  willing  to  pay,  and  for  which  some 
benefits  are  received  or  expected. 

The  general  construction  and  finish  of  the  rooms  in  the  modern 
office  building  enable  the  tenants  to  dispense  with  certain  accessories 
of  the  old-style  quarters  which  represent  some  gain  and  much  com- 
fort. Steam  heat,  lavatories,  vaults,  telephones,  mail  chutes  and 
elevators  save  money  or  time,  and  their  maintenance  by  the  owners  of 
the  property  relieves  the  tenant  of  much  annoyance  and  labor  which 
was  his  under  the  old  system. 

In  some  respects  there  is  a  strong  resemblance  between  the  modern 
office  building  and  a  Pullman  sleeper.  In  both,  the  floor  space  is  more 
contracted  than  one  desires,  but  this  inconvenience  is  partly,  if  not 
wholly,  offset  by  the  conveniences  which  accompany  each.  In  both, 
the  effort  is  made  to  satisfy  all  the  usual  and  probable  requirements 
of  the  occupants  with  the  least  sacrifice  of  .time  and  space. 
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The  assembling  in  the  modern  office  building  of  many  businesses  Mr.  Hill, 
of  like  kinds  promises  a  distinct  advantage  to  both  the  user  of  the 
building  and  his  patrons.  Thus,  "  The  Booker y,"  in  Chicago,  for 
example,  contains  a  collection  of  offices  largely  interested  in  the  pro- 
duction or  use  of  iron,  steel  and  similar  materials,  and  of  industries 
akin  to  these. 

Two  things,  however,  contribute  essentially  to  the  commercial 
success  of  the  building;  the  high-speed  elevator  and  the  telephone. 
Indeed,  the  elevator  is  the  germ  from  which  the  sky-scrapers  have 
sprung;  without  the  elevator  such  buildings'  would  be  impossible; 
and,  as  the  needle  with  an  eye  in  the  point  is  the  feature  of  the  sewing 
machine,  so  likewise  the  modern  high-speed  elevator  may  be  said  to 
provide  the  commercial  foundation  for  the  modern  office  building. 

The  writer's  experience  with  modern  office  buildings  has  been  that 
of  a  tenant,  and,  from  this  point  of  view,  it  is  surprising  with  how 
little  space  one  can  conduct  his  work  when  he  has  to,  and  how  much 
of  the  litter  about  an  engineer's  office  can  be  neatly  and  compactly 
stowed  away  and  held  for  future  reference  if  space  is  cramped.  The 
evolution  in  business  conveniences  is  not  limited  to  the  well-lighted 
and  well-heated  office  building,  with  high-speed  elevators  making  the 
upper  floors  almost  as  desirable  as  those  lower  down,  but  is  carried 
into  the  necessary  furniture  of  such  buildings.  Compactness  and 
directness  characterize  all  steps  taken  to  develop  and  furnish  the 
modern  office,  and  this  underlying  principle  doubtless  has  itB  effect 
on  the  mental  faculties  of  the  occupant,  in  suggesting  the  same  use 
and  application  of  his  time  and  energies  as  it  does  of  the  space  and 
conveniences  at  hand. 

William  Copeland  Furbeb,  M.  Am.  Soc.  C.  E.  (by  letter). — Some  Mr.  Furber. 
of  Mr.  Bolton's  remarks  indicate  that  he  recognizes,  what  other  keen 
observers  have  already  recognized,  that  the  high,  steel-skeleton  office 
or  hotel  building  is  not  simply  an  architectural  problem,  but  a  prob- 
lem in  which  the  architectural  treatment  is  but  one  of  the  co-ordinate 
parts  of  the  design. 

The  architectural  treatment  is  not  and  should  not  be  considered  as 
the  controlling  factor — though  it  generally  is — in  the  design  of  this 
modern  embodiment  of  concentrated  facilities  for  administrative 
business  or  communistic  living. 

In  buildings  of  this  character  a  very  little  thought  will  be  required 
to  perceive  that  the  architectural  design  is  not  the  controlling  factor, 
and  therefore  should  not  be  allowed  to  fix  the  conditions,  to  which  all 
other  parts  of  the  design  should  conform.  To  illustrate  this 
idea  :  The  architectural  design  can  be  changed,  almost  an  infinite 
number  of  times,  without  the  mechanical  engineering  essentials  being 
changed  at  all,  and  with  only  such  changes  in  the  structural  design  as 
may  be  required  locally  by  the  changed  architectural  disposition  of 
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Mr.  Furber.  the  materials  composing  the  walls,  etc.  If  the  truth  of  this  proposi- 
tion is  recognized,  it  is  evident  that  no  extended  argument  is  required 
to  show  that  the  present  method  is  wrong,  in  putting  in  the  hands  of 
the  individual  designer  of  the  facade  the  final  decision  on  all  matters 
of  design;  and  the  truth  of  this  proposition  can  be  admitted  and  acted 
upon  without  in  any  way  belittling  or  making  light  of  the  architectural 
problems,  which  are  of  great  importance,  and  should  only  be  en- 
trusted to  broad  minds  and  capable  hands.  For  as  long  as  appearances 
continue  to  be  a  factor  in  human  affairs,  and  as  long  as  beauty  of 
line  and  form  appeal  to  our  sense  of  intellectual  fitness,  just  so  long 
will  the  architectural  problem  be  worthy  of  the  most  careful  consid- 
eration. 

The  recognition  of  the  fact  that  the  architectural  part  of  high- 
building  construction  is  not  the  governing  factor  gives  no  excuse  for 
slighting  this  part  of  the  design,  but  it  should  be  also  recognized  that 
the  architectural  problem,  in  its  specific  relation  to  high-building  con- 
struction, can  be  worked  out  to  a  rational  solution  only  when  the 
limits  which  bound  it  are  defined  by  the  factors  which  actually  should 
control  the  design  as  a  whole.  High  steel-skeleton  building  construc- 
tion may  be  defined  as  an  engineering  work  with  an  architectural 
accompaniment. 

It  is  perhaps  already  evident  that  in  order  that  each  of  the  elements 
entering  into  the  design  as  a  whole  be  given  proper  recognition,  and  its 
due  value  as  a  factor,  the  chief  designer  should  be  a  man  capable  of 
judiciously  passing  upon  the  claims  of  each  of  these  elements  to  pre- 
cedence. Experience  has  shown  that  the  man  who  owes  his  training 
exclusively  to  the  Art  School  and  its  influences  cannot  or  will  not  con- 
sider the  engineering  side  of  the  problem.  The  men  who  spell  their 
art  with  a  capital  A  deplore  Science,  as  a  necessary  evil,  which  disturbs 
their  mental  repose;  and,  if  not  as  an  evil,  then  as  a  bore,  which  inter- 
feres with  and  places  practical  obstacles  in  the  way  of  their  flights  of 
fancy.  Mathematics  and  Science  are  looked  upon  by  men  of  this  type 
as  matters  of  formulas,  rule-of -thumb  and  mechanical  routine,  a  mat- 
ter to  be  learned  out  of  a  book,  which  can  be  mastered  in  about  the 
same  way  that  one  learns  to  recite  a  piece  of  verse  or  prose,  or  as  one 
learns  a  trade.  Men  of  this  type  do  not  think  that  imagination  enters 
into  the  study  or  practice  of  science,  and  particularly  the  science  of 
engineering,  and  look  upon  themselves  as  the  only  rightful  possessors 
of  the  wings  of  flight  or  imagination.  They  have  no  conception  of  the 
trained  imagination  required  to  comprehend  the  higher  mathematics, 
nor  of  the  sustained  and  logical  derivatives  of  the  product  of  thought, 
obtained  from  mathematical  investigation.  Having  no  appreciation 
of  the  intellectual  basis  of  engineering,  it  is  not  to  be  wondered  at 
that  they  treat  the  demands  of  Science  with  scant  consideration.  It 
is,  therefore,  hardly  to  be  expected  that  the  graduate  of  the  Art  School 


Papers.]   DISCUSSION  ON  THE  MODERN  OFFICE  BUILDING.  171 

only  whose  whole  mental  training  has  been  given  np  to  the  study  Mr.  Furber. 
alone  of  the  relative  values  in  the  play  of  light  and  shadow,  the  bal- 
ancing of  solids  and  openings,  the  study  of  the  appearances  of  thingB, 
or  the  art  of  seeming,  can  be  qualified  to  pass  upon  problems  which 
deal  with  realities  or  with  things  as  they  are.  In  works  of  magnitude, 
under  the  guidance  of  such  minds,  the  structural  and  mechanical  parts 
of  the  design  are  often  sacrificed  to  supposed  requirements  of  Art;  and 
the  result  is  an  incongruous  composite  of  the  total  elements  of  the 
design,  and,  necessarily,  a  failure. 

Another  type  of  mind  which  is  nnsuited  for  the  position  of  designer- 
in-chief  is  that  type  which  has  no  appreciation  of  art  and  beauty, 
and  has  no  other  "measures"  than  those  of  "economy"  and  "effi- 
ciency. "  This  type,  while  useful  in  a  large  way  as  a  counterweight 
and  a  standard  of  comparison,  often  misses  the  best  solution,  or  pos- 
sibly .never  attains  it,  in  a  problem  of  this  character,  by  the  narrow 
view  it  takes  of  the  things  with  which  it  is  not  familiar,  and,  by  reason 
of  one* sided  training,  is  not  fitted  to  be  an  intelligent  and  impartial 
judge  of  the  various  elements  entering  into  a  composite  and  complex 
design. 

The  designer  best  qualified  for  this  important  position  of  designer- 
in-chief  is  evidently  one  who  has  a  knowledge  of  the  broad  essentials 
and  limitations  of  the  various  parts  of  the  design,  the  judicial  tem- 
perament permitting  the  balancing  of  an  advantage  against  a  disad- 
vantage, a  breadth  of  mind  enabling  a  comprehensive  view  to  be 
taken,  coupled  with  courage  and  decision;  with  all  these  qualifications, 
governed  by  a  broad  and  catholic  love  of  beauty  in  all  its  manifesta- 
tions— not  only  of  beauty  of  form  and  line,  which  is  evident  and  can 
readily  be  comprehended,  but  of  the  more  subtle  beauty  of  Science 
and  its  results. 

This  combination  of  qualities  is  not  an  impossible  one,  or,  in  fact, 
necessarily  a  very  rare  one.  It  is  realized,  perhaps,  more  definitely  in 
the  scholarly  engineer,  whose  acquaintanceship  with  facts  and  laws 
governing  matter  is  accompanied  with  a  broad  knowledge  of  the  fun- 
damental requirements  of  Art,  and  to  him  must  eventually  come  the 
position  of  Master  Builder. 

If  the  composite  design  of  one  of  these  engineering-architectural 
problems  is  analyzed,  it  will  be  seen  to  admit  of  two  main  sub- 
divisions: 

(1)  The  engineering  design; 

(2)  The  architectural  design. 

The  engineering  design  can  be  subdivided  into  its  structural  and 
mechanical  components:  The  structural  component,  comprising  the 
foundations  and  superstructure,  including  the  stability  of  the  struct- 
ure against  vibration,  wind  forces,  fire  and  corrosion.  Under  the 
head  of  structural  design  should  also  come  the  planning  of  the  floor 
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Mr.  Furber.  areas  and  spaces,  with  all  their  subdivisions.  Usually,  the  floor  plan  is 
laid  out  by  the  architectural  designer  without  reference  to  the  struct- 
ural design,  and  this  results  frequently  in  poor  and  expensive  con- 
struction. The  consideration  of  the  floor  plans  and  the  structural  de- 
sign should  take  place  at  the  same  time — and  preferably  by  the  same 
mind,  or  at  any  rate  by  minds  working  in  harmony,  for  the  floor  plan 
and  the  structural  arrangement  are  truly  dependent  on  each  other. 
The  arrangement  of  the  floor  is  not  strictly  an  architectural  problem, 
though  it  is  frequently  considered  as  such;  it  is  also  a  scientific  one,  or 
one  in  which  all  the  factors  can  be  determined  and  balanced  one  against 
the  other,  and  an  equation  arrived  at  figuratively,  from  which  a  result 
can  be  obtained  which  rests  upon  determined  facts,  and  not  upon  mere 
whim,  prejudice  or  predilection.  Daylight  has  a  certain  carrying  and 
distributing  power  which  does  or  should  determine  some  of  the  dimen- 
sions of  rooms. 

Transportation  facilities  and  convenience  of  access  determine  the 
local  arrangement  of  the  office  areas  around  the  elevators,  or  rather  the 
location  of  the  elevators  with  reference  to  the  '•'  center  of  gravity  "  of 
the  office  areas.  The  economic  location  of  lavatory  fixtures  requires 
the  grouping  of  these  fixtures  around  common  drainage  and  water 
supply  center's,  which  in  turn  demand  certain  broad  arrangements  of 
lavatory  rooms  and  fixtures,  usually  not  difficult  to  comply  with. 

The  lighting  and  heating  systems  require  distributive  local  centers, 
and  sub-centers,  which  should  bear  certain  relations  to  the  groups  of 
offices  and  sources  of  supply. 

Not  infrequently,  the  floor  plan  is  decided  upon  and  then  turned 
over  to  the  structural  designer  with  instructions  that  nothing  can  be 
changed.  This  results  sometimes  in  the  use  of  structural  expedients 
which  are  expensive  and  structurally  unsatisfactory,  and  which  could 
have  been  avoided  by  an  appreciation  of  the  relative  values  of  each  of 
these  matters.  The  consideration  of  the  scheme,  also,  from  one  stand- 
point only,  often  results  in  the  sacrifice  of  the  best  arrangement  of  the 
mechanical  equipment. 

When  the  planning  of  the  floors  and  the  structural  design  is  under 
discussion  the  fire-proofing  and  rust-proofing  should  also  be  consid- 
ered. It  is  not  an  uncommon  thing  to  find  the  fire-proof  covering  cut 
away  to  get  in  a  door  or  window  frame,  or  some  piping  that  has  been 
overlooked  or  not  considered  when  the  planning  was  under  considera- 
tion, and  for  this  there  is  no  excuse,  unless  haste  in  preparing  the  plans 
— due  to  no  fault  of  the  designer — is  given. 

Fire-proofing  is  generally  given  but  scant  consideration,  and  rust- 
proofing  little,  if  any,  and  for  this  neglect  no  adequate  excuse  can  be 
given.  The  fire-proofing  is  seldom  considered  as  a  part  of  the  design, 
but  is  taken  care  of  by  general  methods  of  allowances  over  the  dimen- 
sions of  the  beams,  girders  and  columns.     The  intelligent  designing 
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of  fire-proofing  demands  a  knowledge  of  the  weakening  effects  of  heat  Mr.  Furber. 
on  steelwork.  The  maximum  strength  of  iron  is  at  about  400°  Fahr. , 
and  there  is  a  loss  of  strength  of  about  1  000  lbs.  per  square  inch  of 
section  for  every  increase  of  100°  in  temperature.  A  knowledge  of  the 
rate  of  transmission  of  heat  through  various  substances  and  dead  air 
spaces,  and  a  knowledge  of  the  resistances  of  various  materials  to  the 
action  of  fire  and  water,  separately  and  alternately — a  little  knowledge 
of  these  various  matters — will  be  sufficient  to  show  the  insufficiency 
of  many  of  the  present  methods,  and  the  inadequacy  of  many  of  the 
materials  used  for  this  purpose.  Porous  or  semi-porous  terra-cotta 
properly  made  and  burned  is  probably  the  best  material  in  use,  but,  as 
it  is  manufactured  to-day,  it  is  too  thin,  and  the  standard  beam  cov- 
erings, with  a  thickness  of  only  1  in.  over  the  lower  flanges  of  the  beams, 
are  absurd,  and  the  column  coverings  and  the  methods  of  fastening 
them  on  the  steelwork  are  but  little  better. 

The  question  of  rust-proofing  is  seldom  considered,  and  is  often 
entirely  ignored.  The  rusting  of  iron  is  such  a  familiar  fact  that  it  is 
surprising  how  little  attention  is  paid  to  it.  Millions  of  dollars  are 
being  invested  yearly  in  buildings  the  durability  and  stability  of 
which  are  entirely  dependent  upon  the  iron  framework,  yet,  beyond 
giving  the  metal- work  a  coat  of  paint,  nothing  is  done.  The  fact  that 
Portland  cement  preserves  iron  from  corrosion  is  now  well  known, 
and  the  chemistry  behind  this  fact  should  be  as  well  known.  Bust  is 
caused  by  three  factors  working  together,  viz.,  water,  an  acid,  and 
oxygen.  If  these  three  factors  are  not  allowed  to  act  co-ordinately, 
rusting  cannot  take  place.  Portland  cement,  because  it  is  a  product 
of  lime,  furnishes  a  base  which  neutralizes  any  acid  likely  to  be  pres- 
ent under  ordinary  conditions,  and  therefore  any  water  which  may  filter 
through  it  can  do  no  harm.  This  fact  is  acted  upon  in  the  use  of  steel 
in  the  foundations  of  buildings  below  the  water  line,  but  little  use  is 
made  of  the  knowledge  above  the  cellar  floor. 

The  mechanical  component  of  the  engineering  design,  comprising 
the  steam  power  plant  for  operating  the  elevators,  the  lighting,  heating 
and  ventilation  systems,  and  the  layout  of  each  of  these  parts;  the 
lighting  system,  consisting  of  dynamos,  distributive  wiring  and  stor- 
age battery;  the  heating  system,  consisting  of  the  distributive  piping, 
etc.,  with  the  fans  and  ducts  required  to  supply  the  heat  and  air  under 
pressure,  and  to  remove  the  foul  air;  the  operating  mechanism  of  the 
elevators;  the  water  supply  for  individual  and  general  uses  and  fire- 
protection;  the  drainage  system,  and  the  telephone  and  telegraph  wire 
systems;  should  all  be  considered  and  tentatively  laid  out  before  the 
final  plans  are  decided  upon. 

The  requirements  of  each  of  these  subdivisions  of  the  mechanical 
design  require  most  careful  study,  and,  as  they  are  a  vital  part  of  the 
design  as  a  whole,  they  should  be  laid  out  to  accomplish  the  best 
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Mr.  Furber.  possible  results,  and  this  arrangement  adhered  to  as  closely  as  is  per- 
missible with  reference  to  other  parts  of  the  scheme.  Most  of  the  evils 
of  crowded  and  unsatisfactory  layouts  of  the  mechanical  equipments 
in  high  buildings  are  the  result  of  lack  of  knowledge,  on  the  part,  of 
the  designer-in-chief,  of  the  conditions  of  arrangement  conducive  to  the 
best  results.  The  fact  that  the  equipment  can  be  placed  and  operated 
in  inconvenient  and  contracted  spaces  is  also  taken  advantage  of, 
and  the  mechanical  equipment  relegated  to  such  spaces  as  can  be  de- 
voted to  no  other  purposes.  When  the  amount  of  money  required  to 
maintain  and  operate  this  equipment,  and  its  proportion  to  the  total 
operating  expenses  of  the  building,  is  considered,  no  defence  can 
be  made  of  the  inadequate  facilities  usually  allowed  for  its  installa- 
tion. 

In  the  distributive  systems  of  the  mechanical  plant,  the  placing 
of  pipes,  conduits,  etc. ,  in  the  floors,  walls  and  partitions  is  frequently 
not  considered  in  the  detail  drawings,  and  is  generally  merely  specified. 
This  neglect  sometimes  leads  to  a  great  deal  of  trouble  and  often  to  the 
adoption  of  make-shift  methods,  which  could  have  been  avoided  by  due 
consideration  being  given  to  the  details  on  the  drawings. 

The  architectural  design  consists  in  the  main  of  the  treatment  of 
the  facade,  usually  according  to,  or  with  the  details  of,  some  historic 
style;  the  arrangement  of  the  windows,  and,  in  a  secondary  way,  the 
architectural  treatment  of  the  offices:  This  internal  treatment  of 
offices  can  be  said  to  be  independent  of  the  general  architectural 
structural  and  mechanical  design,  and  therefore  not  a  factor  in  the 
design  of  the  whole,  with  which  only  this  particular  discussion  deals. 

The  architectural  part  of  the  design  can  be  changed  according  to 
the  whim  or  predilection  of  the  designer  without  materially  affecting 
the  other  parts  of  the  design.  It  is  therefore  evident  that  with  this 
liberty  goes  great  responsibility.  If  the  design  decided  upon  is  one 
of  a  possible  thousand,  and  the  design  is  a  poor  one,  the  responsi- 
bility is  proportional  to  the  number  of  better  ways  of  solving  the 
problem. 

A  great  mistake  that  many  architectural  designers  make  in  treating 
the  high  skeleton  building  is  in  attempting  to  treat  it  as  a  masonry 
structure.  This  lack  of  perception  of  the  limitations  of  masonry  con- 
struction leads  them  to  many  curious  anomalies  and  absurd  results, 
as,  for  instance,  the  placing  of  a  Greek  temple  on  top  of  a  many-storied 
building,  and  the  employment  of  brackets,  consoles,  modillions  and 
other  architectural  details  which  once  had  some  function,  but  which 
are  now,  in  these  buildings,  wired  or  strapped  upon  an  iron  frame- 
work. 

The  high  skeleton  building  is  worthy  of  an  architectural  style 
consistent  with  its  serious  purposes  and  the  dignity  of  its  place  in 
the  modern  business  world,  and  this  style  should  express  the  truth 
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of  its  construction  and  its  purposes,  and  should  not  make  it  masque-  Mr.  Furber. 
rade  in  borrowed  clothing,  pretending  to  be  a  masonry  structure,  yet 
violating  some  of  the  fundamental  principles  of  masonry  construction. 
Architecture  needs  the  stimulus  of  new  truth  and  new  conditions,  and 
the  skeleton  building  furnishes  them. 

Charles  G.  Daubach,  M.  Am.  Soc.  C.  E.  (by  letter). — On  page  Mr.  Darrach. 
1024,*  Mr.  Bolton  criticises  the  writer's  comparisons  between  the 
hydraulic  and  the  electric  elevator,  and  illustrates  by  indicator 
diagrams  the  varying  load  imposed  by  an  electric  elevator.  The 
pair  of  indicator  diagrams  in  Fig.  7  are  taken  from  the  high-press- 
ure cylinders  of  a  Laidlaw-Dun -Gordon  pump,  with  high-pressure 
steam  cylinders,  17$  ins.  diameter,  and  two  low-pressure  cylinders 
of  20  ins.  diameter,  and  24-in.  stroke.  The  building  in  which  this 
pump  is  located  has  ten  elevators,  running  through  seventeen  stories. 
A  second  pump,  of  the  same  design,  with  16-in.  and  18-in.  cylinders, 


^Atmospheric  Line* 
INDICATOR  DIAGRAMS. 

high-pressure  cylinder,  laidlaw-dunn-qordon  pump. 

one  high-pressure  cylinoer  17g  ins. 

two  low-pressure  cylinders  20  ins. 

stroke  24  ins. 

pump  comes  to  a  full  stop  at  intervals  of  less  than  1  minute. 

Fig.  7. 


and  24-in.  stroke,  was  running  at  the  time  the  cards  were  taken,  thus 
dividing  and  equalizing  the  load.  The  two  pumps  delivered  into  two 
pressure  tanks  6  ft.  in  diameter  and  22  ft.  long. 

Notwithstanding  this  installation,  and  with  the  advantage  of  the 
storage  in  the  pressure  tanks,  each  pump  came  to  a  dead  stop  at 
intervals  of  less  than  a  minute,  so  that  the  cards  do  not  show  the  dis- 
advantage under  which  the  pumps  were  operating;  but  it  will  be 
noticed  that  the  variation  in  load  was  much  greater  in  these  pumps 
operating  the  hydraulio  elevator  than  the  variation  in  power  on  the 
engine  driving  the  electric  elevator,  even  when  four  oars  were  started 
together,  and  without  the  intervention  of  a  storage  battery. 

The  writer  has  stated,  and  shows  by  diagram  made  from  actual 
tests  (Fig.  8),  that  the  economical  range  of  efficiency  of  a  steam 
engine  is  from  a  40  to  50%  underload  to  a  50%  overload.     The  descrip- 

*  Proceedings,  Am.  Soc.  C.  E.,  for  December,  1901. 
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Mr.  Darrachu  tion  of  the  indicator  diagrams,  shown  in  Fig.  2,  taken  from  an  engine 
driving  a  dynamo  direct  to  electric  elevators,  is  as  follows: 

"  Indicated  horse-power,  by  largest  card 154 

"  '•  "       by  smallest  card 54 

"  "  "       average 108  " 

So  that,  if  a  properly  rated  engine  of  108  H.-P.  had  been  used  in 
this  instance,  the  range  of  economy  wonld  have  been  from  50%  under- 
load to  50%  overload. 

As  the  writer  has  noted,  a  compound,  non-condensing  engine, 
properly  rated,  will  give  an  economy  of  from  23  to  24  lbs.  of  water  per 
indicated  horse-power;  and  the  economy,  within  the  range  of  opera- 
tion recommended,  will  vary  about  10%  above  that  point.  The  break 
horse-power  will  run  about  10%  higher,  or,  say,  25  lbs.  of  steam  per 
break  horse-power-hour. 

From  tests  made  with  a  Laidlaw-Dun-Gordon  pump,  the  economy 
per  indicated  horse-power  runs  from  24  to  26  lbs.  of  water,  and  the 
break  horse-power  will  reach  30  lbs.  or  more;  so  that  there  is  a  decided 
advantage  and  economy  in  the  steam  unit  operating  the  electric  power 
over  that  operating  the  pumps. 

With  a  Sprague  electric-screw  elevator,  the  writer  has  found  that  the 
starting  current  will  vary  from  50  to  100%  above  the  regular  hoisting 
current,  and  that  the  excessive  starting  current  is  largely  governed  by 
the  car  operator.  This  could  be  remedied  by  simply  adding  a  starting 
contact  button  in  the  car. 

Electric  elevators  recently  installed  in  Philadelphia  show  a  starting 
load  not  over  25%  in  excess  of  the  running  load,  and  it  is  simply  a 
matter  of  modification  of  the  mechanism  to  make  the  starting  current 
much  lower  even  than  this.  The  writer  would  not  advise  the  installa- 
tion of  an  electric  elevator  plant  as  usually  constructed  without  a 
storage  battery,  but  the  great  cost  of  a  storage  battery  may  be  dis- 
counted. In  making  an  estimate  for  a  plant  which  contemplated  the 
use  of  a  storage  battery,  it  was  found  that,  to  get  practically  the  same 
results,  by  simply  changing  the  period  over  which  the  battery  was  to 
be  used  as  storage  (without  operating  the  generators),  the  cost  varied 
from  U  000  to  816  000. 

Some  three  years  ago,  in  obtaining  proposals,  the  writer  found  that 
a  hydraulic  elevator  plant  (in  which  the  pumps  were  operated  by 
electric  motors  and  no  storage  battery  provided)  cost  as  much  as  a 
Sprague  screw  elevator  plant,  including  a  storage  battery  which  cost 
$18  000.  The  latter  plant  was  adopted.  The  space  occupied  by  the 
storage  battery  was  less  than  would  have  been  required  for  the  press- 
ure and  return  tanks  for  the  hydraulic  elevators,  with  the  additional 
advantage  that  all  the  machinery  could  be  closed  down  at  night  and 
on  Sundays  and  holidays.    This  Sprague  plant  has  been  in  operation 
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Mr.  Darrach. 


Steam  Consumption  per  Hone-Power  per  Hour,  In  Pounds  (avoirdupois). 
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Mr.  Darrach.  for  two  and  one-half  years.  There  has  been  some  trouble  with  the 
traveling  nut,  one  of  the  screws  being  of  rather  softer  metal  than  it 
should  have  been,  but  it  will  probably  last  another  year.  The  other 
two  screws,  in  all  probability,  will  last  at  least  two  years  more.  The 
electrical  connections  and  contacts  have  given  no  trouble.  Beyond 
this,  there  is  but  little  wear  and  tear,  and  it  is  the  writer's  opinion 
that,  on  the  question  of  repairs,  this  will  compare  favorably  with  any 
high-duty  hydraulic  plant. 

The  electric-drum  elevator  has  been  relegated  to  apartment  houses 
and  small  office  buildings.  The  writer  sees  no  difficulty  in  such  a 
modification  of  this  style  of  machine  for  all  kinds  of  service. 

As  far  as  the  matter  of  economy  in  operation  is  concerned,  the 
writer  can  give  no  data  as  to  the  hydraulic  machines,  the  information 
obtained  from  tests  usually  made  cannot  be  taken  as  a  fair  indication 
of  their  every-day  working  economy,  as  the  elevators  under  test  con- 
ditions are  generally  run  continuously  at  their  utmost  speed. 

With  the  Sprague  plant  noted,  the  writer  finds  that  the  average 
economy,  running  through  a  period  of  thirty  days,  varied  from  3J  to  4 
kilowatt-hours  per  car-mile.  If,  for  the  sake  of  argument,  this  is 
increased  by  25%,  to  allow  for  the  losses  in  the  generator,  in  the  stor- 
age battery  and  in  transmission,  the  result  is  5  kilowatt-hours,  or  6.7 
horse-power-hours,  per  car-mile;  say,  7.4  break  horse-power-hours 
on  the  engine  per  car-mile,  or,  with  a  compound  engine,  20  lbs.  of  coal 
per  car-mile. 

Another  advantage  in  using  an  electric  elevator  and  battery  is  that 
by  its  use  only  one,  or  at  most  two,  generator  power  units  need  be 
provided,  and,  as  indicated  in  the  paper,  all  machinery  and  lights  can 
be  electrically  operated.  By  this  method  there  is  a  decided  economy, 
especially  in  the  smaller  apparatus;  for  instance,  a  house  pump  having 
a  capacity  of  only  60  galls,  per  minute  showed  an  economy  of  75%  from 
wire  to  water  in  the  tank,  which  means  that  this  small  pump  could  be 
driven  with  from  35  to  40  lbs.  of  steam  per  horse-power-hour;  but,  if 
driven  directly  by  steam,  it  would  probably  have  used  over  100  lbs.  of 
steam  per  horse-power-hour. 

Another  advantage  to  be  gained  is  in  the  fact  that  the  multiplicity 
of  steam  and  exhaust  and  drip-pipes,  with  their  numerous  joints  and 
valves  to  serve  the  various  units,  is  avoided,  first  cost  and  expense  in 
maintenance  is  reduced,  and  the  comfort  of  the  engine-room  is  enhanced. 

On  page  563,  referring  to  elevators,  the  writer  calls  attention  to 
certain  necessities  to  provide  against  accident.  He  now  calls  atten- 
tion to  certain  practices  that  should  be  avoided.  The  counterbalance 
should  never  be  run  in  the  elevator  hatchway,  and  the  elevator  should 
be  so  designed  that  it  would  be  impossible  for  the  car  to  be  raised  with- 
out the  direct  application  of  power. 

Philadelphia  laws  require  that  the  hatchway  doors  shall  be  closed 
by  the  operation  of  the  starting  lever.     This  requirement  is  worse  than 
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wrong;  the  hatchway  doors  should  invariably  be  closed  by  a  device  Mr.  Darrach. 
independent  of  the  starting  mechanism. 

As  an  illustration  of  the  viciousness  of  this  device,  the  following 
instance  may  be  given:  A  passenger  was  leaving  the  oar,  the  pilot  valve 
leaked,  the  car  settled  away  from  the  platform,  the  doors  suddenly 
closed,  caught  the  passenger  by  the  head,  and  held  him  prisoner. 
Had  it  not  been  for  his  presence  of  mind  he  would  have  been  decapi- 
tated. 

The  premature  closing  of  the  elevator  doors  in  this  building  became 
so  notorious  that  the  tenants  made  a  practice  of  taking  a  running  jump 
when  leaving  or  entering  the  car. 

These  same  laws  have  also  required  the  installation  of  an  air-cushion 
of  a  depth  not  less  than  one-sixth  of  the  rise  of  the  car,  willy-nilly, 
thereby  imposing  untold  hardships  upon  owners  of  buildings  in  which 
the  aforesaid  device  had  not  previously  been  constructed.  In  one 
instance,  where  the  rise  was  about  500  ft.,  the  air-cushion  was  over  80 
ft.  high,  and  cost  $25  000,  whereas  the  cost  of  the  elevator  installation 
itself  was  only  $10  000.  In  the  writer's  opinion,  the  air-cushion  is  a 
panacea  for  improper  design,  poor  construction  and  negligent  super- 
vision. 

In  the  days  before  the  height  of  office  buildingB  was  more  than  10 
stories,  the  construction  of  an  air-cushion  was  without  serious  objec- 
tion or  expense,  but  when  it  becomes  so  deep  that  it  is  forced  above  the 
first  floor,  or  into  the  working  travel  of  the  car,  the  objections  become 
serious,  involving  expensive  construction,  loss  of  speed,  and  unneces- 
sary expenditure  of  power,  heavy  and  small  hatchway  doors,  dis- 
comfort to  passengers  from  air  currents,  and  danger  should  the  car  be 
caught  in  the  air-cushion  by  the  operation  of  the  safety  brakes. 

If  the  air-cushion  is  extended  below  the  working  travel  of  the  car, 
the  hoisting  apparatus  must  be  designed  to  operate  to  the  full  depth 
of  the  air-cushion ;  and  if  this  air-cushion  is  30  to  40  ft.  below  the 
first  floor,  it  is  not  only  expensive  in  construction  but  becomes  a  recep- 
tacle for  all  sorts  of  filth  and  trash;  in  fact,  it  may  be  the  cause  of 
greater  loss  of  life  than  it  could  possibly  save.  As  the  writer  has 
stated,  an  air-cushion  of  sufficient  depth  to  stop  the  car  in  case  of  a 
runaway  is  all  that  may  be  considered  as  a  necessity. 

The  rupture  of  the  suspending  cables  (the  only  legitimate  reason 
for  the  need  of  an  air-cushion)  need  never  happen,  and  is  a  most  re- 
mote contingency.* 

*  Recently  there  has  been  placed  on  the  market  what  is  known  as  the  "  Cruikshank 
Safety  Device,"  and  the  writer  understands  that  it  has  been  accepted  by  the  Philadel- 
phia authorities  in  lieu  of  an  air-cushion.  This  device  consists  of  a  number  of  metallic 
wires,  running  on  either  side  of  the  elevator  shaft  from  top  to  bottom.  Between  each 
floor  "  retarders  "  are  strung  in  these  vertical  wires.  The  "  retarders  "  are  made  of  a 
pair  of  metallic  plates,  spaced  the  fraction  of  an  inch  apart,  with  staggered  rivets 
around  which  the  wires  pass.  The  car  is  furnished  with  dogs  which  engage  the  "  re- 
tarders "  at  a  prearranged  overs  peed,  and  the  car  is  slowed  down  by  the  friction  of  the 
retarder  against  the  wires.  If  the  car  has  not  stopped  by  reason  of  the  friction  of  the 
first  retarder,  it  brings  the  second  into  action,  ana  so  on  until  the  car  is  finally  brought 
to  a  standstill . 
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»m.«*  «V.  v*£*  #W  attention  is  called  to  the  advantages  in  the  use  of 
,w»r»v  U^M*.  but,  as  generally  used,  they  have  some  serious  disad- 
*♦*♦******  The  glare  from  the  highly  illuminated  filament  produces 
,  ^«^t«A  upon  the  eye  which  should  be  prevented,  and  some  method 
v<)t/*A,U,t  always  be  adopted  to  prevent  this,  either  by  the  use  of  shades, 
u«*ifc*l  lamps  or  frosted  globes. 

V  bar*  incandescent  lamp  should  no  more  be  tolerated  than  a  bare 
<uv  tvgUt.  It  will  be  found  that  if  the  filament  is  obscured  no  serious 
tvau*  reaults,  nor  will  there  be  any  necessity  for  an  increased  number 
ikK  lamps.  Some  eight  years  ago,  in  designing  the  lighting  of  the 
tvaiu-ahed  of  the  Beading  Terminal  Station,  at  Philadelphia,  the  writer 
uatnl  full  frosted  globes  on  all  the  arc  lights,  and  had  apparently  a 
muoh  better  illumination  than  was  obtained  in  the  Pennsylvania  Sta- 
tion, where  plain  glass  globes  were  used.  The  reason  is  very  simple. 
The  glare  of  the  bare  arc  or  the  bare  filament  is  so  great  that  Nature 
closes  the  iris;  whereas,  when  the  light  is  diffused,  the  iris  opens  and 
more  light  is  admitted,  without  as  great  a  strain  upon  the  retina.  Disre- 
garding this  fact,  most  electrical  engineers  prescribe,  as  an  ultimatum, 
that  the  incandescent  lamp  must  be  placed  bulb  end  down.  For  gen- 
eral illumination,  the  lamp  should  be  placed  bulb  end  up,  screened 
with  a  frosted  globe,  and  the  light  reflected  from  the  ceiling. 

Some  years  ago,  the  writer  had  occasion  to  light  the  chancel  of  a 
church.  Incandescent  lamps  were  placed  in  the  rear,  around  the 
chancel  arch,  with  reflectors  converging  all  the  rays  of  the  various 
lamps  upon  a  white  Parian  marble  altar.  The  diffusion  of  light  was  so 
perfect  that  the  priest,  standing  in  front  of  the  altar,  did  not  cast  an 
appreciable  shadow. 

The  writer  must  take  issue  with  the  statement  on  pages  1012  and 
1013  in  which  Mr.  Bolton  says : 

"  The  speaker  regrets  that  he  has  some  contradictions  to  apply  to 
some  of  the  figures  presented  in  the  paper,  but,  as  regards  New  York 
practice,  they  certainly  should  not  go  forth  as  being  definite. 

"  To  begin  with,  the  author  indicates  the  size  of  the  boiler  instal- 
lation, basing  it  upon  the  cubical  contents  of  the  building,  a  most 
misleading  element,  as  the  cubical  contents  have  no  relation  to  the 
horse-power  required." 

The  writer  thinks  that  in  this  criticism  Mr.  Bolton  is  incorrect. 
The  boiler-power  required  for  the  power  plant,  including  lighting,  ele- 
vator service,  pumps,  fans,  etc. ,  as  well  as  heat  required  for  change  of 
air  in  ventilation,  depends  directly  upon  the  cubical  contents,  and  the 
only  variation  is  the  proportion  of  glass  surface  and  the  exposure. 

For  the  amount  of  direct  radiator  surface  required,  the  writer  uses 
the  formulas : 

(T—  t)a 
h  =  (kG  +  KW+  0.018  N  C)  E; 
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in  which  R  =  square  feet  of  prime  radiator  surface;  Mr  Danuch. 

G  =       "        "     *'  exposed  glass        " 
W=       "        "     "        "        wall         " 
C  =  cubic  feet  of  space  to  be  heated ; 
jV  =  number  of  times  air  is  to  be  changed  per  hour; 
k  =  B.  T.  U.  transmitted  per  difference  of  1°  per  hour  per 

square  foot  of  glass 
surface; 
*K=  B.T.  U.  "  "  «•        of  lo  per  hour  per 

square  foot  of  wall 
surface ; 
a  =  B.  T.  U.  "  "  "        of  1°  per  hour  per 

square  foot  of  radia- 
tor surface ; 
h  =  total  heat  units  transmitted  per  difference  of  1°  per 

hour; 
E  =  coefficient  of  exposure; 
/  =  required  temperature  of  room; 
ty  —  temperature  of  outside  atmosphere; 
T=  "  "  steam  in  radiator; 

jf  p -Ka t  —  ^ 

then  l="+i 

P  +  1 

and  the  result  is  a  formula  by  which  the  heating  power  of  a  system 

can  be  equated  at  a  temperature  of  the  outside  atmosphere,  other  than 

that  for  which  the  system  was  designed.     The  observations  should  be 

made  without  the  modification  due  to  wind  storms. 

The  writer  has  verified  this  formula  by  observations  with  the  out- 
side atmosphere  from  7  to  30°  Fahr. 

The  heating  diagram  (Fig.  9)  was  made  from  data  taken  at  the  office 
building  of  the  United  Gas  Improvement  Company,  at  the  northwest 
corner  of  Broad  and  Arch  Streets,  Philadelphia. 

This  building  has  12  stories  and  an  attic,  the  ground  plan  has  an 
area  of  8  814  sq.  ft. ,  and,  above  the  first  story,  an  area  of  7  386  sq.  ft. , 
with  a  width  of  57  ft.  Above  the  sidewalk,  and  within  the  exterior 
lines,  the  building  contains  1  320  000  cu.  ft. ' 

There  are,  in  all,  650  windows,  and  a  large  skylight,  having  in  all 
16  000  sq.  ft.  of  glass,  or  about  26%  of  the  exterior  exposure.  These 
windows  are  furnished  with  sash  fasteners  and  "  Golden  "  metallic 
weather  strips. 

The  first  story  is  heated  with  warm  air,  supplied  by  fans.  The 
stair  hall,  elevator  shaft,  and  the  building  above  the  first  floor,  are 

5  880 
*  *  =  iiTT'  *or  &°°d  brick  or  stone  walls;  6  =  thickness  of  wall,  in  inches. 
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r.  Damtch.  heated  by  direct  radiators  under  the  windows.  Exhaust  ventilation 
is  provided  for  the  entire  building,  with  fans  in  the  basement  for  the 
first  story  and  below,  and  in  the  attic  for  the  rooms  above  the  first 
story. 


Fio.  6 


There  are  2  800  sq.  ft.  of  radiator  coils  for  the  indirect,  and  12  700 
aq.  ft.  of  direct,  radiation,  making  an  equivalent  of  about  19  000  sq. 
ft.  of  direct  radiation. 

As  power  for  elevators,  lighting,  fans,  pomps,  etc.,  is  generated  by 
gas  engines,  and  the  heating  is  entirely  independent  of  the  power,  an 
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Mr.  Darrach.  excellent  opportunity  is  presented  for  obtaining  exact  data  as  to  the 
heating  requirements. 

Upon  the  diagram  (Fig.  9)  profiles  made  from  hourly  observations 
are  shown: 

1.  The  temperature  of  the  outside  atmosphere,  in  degrees,  Fahren- 
heit. 

2.  The  wind  velocity,  in  miles  per  hour. 

3.  The  approximate  boiler  horse-power  (6  a.  m.  to  6  p.  m.),  calcu- 
lated from  the  coal  burned,  rating  9  lbs.  of  water  evaporated  per  pound 
of  coal,  and  34  J  lbs.  of  water  per  horse-power- hour. 

4.  The  pressures  (below  the  atmosphere)  on  the  steam  main  in  the 
boiler-room  (initial),  and  on  the  drip-pipe  (final). 

5.  The  average  number  of  pounds  of  coal  burned  per  hour,  in 
12-hour  periods. 

From  these  data  it  will  be  found  that  185  boiler  horse- power  would 
be  required  to  heat  the  building  at  zero  Fahrenheit,  or,  say,  7  000  cu. 
ft.  per  boiler  horse-power. 

The  steam  BUpply  to  the  radiators  is  distributed  on  the  double- 
supply  system.  The  largest  steam  riser  is  1 J  ins.  in  diameter,  and  serves 
600  sq.  ft.  of  radiation.  A  range  of  temperature  of  steam  in  the  radi- 
ators from  190  to  230°  has  been  obtained  by  the  operation  of  one  valve, 
regulating  the  temperature  in  the  radiators  to  suit  varying  conditions 
of  weather. 

To  illustrate  the  comparative  dimensions  of  supply  and  drip-pipes, 
as  used  by  the  different  systems,  the  diagram  (Fig.  10)  is  submitted. 
Curve  No.  3  shows  the  diameter  of  the  risers  for  the  corresponding 
radiator  surface,  if  they  are  provided  with  a  double  supply,  and  the 
system  is  drained  by  gravity,  or  by  the  Webster  Vacuum  System, 
supplied  either  from  top  or  bottom. 

Curve  No.  4  shows  the  diameters  of  the  pipes  in  the  Webster  Vacuum 
System  supplied  from  both  ends. 

The  writer  has  found  that  the  size  of  the  drip-pipes  noted  in  Curve 
No.  6  iB  sufficient  for  the  risers  on  the  gravity  two-pipe  system. 

In  tall  buildings  it  is  not  considered  good  practice  to  make  the 
least  dimension  of  the  riser  less  than  2  ins.  diameter,  increasing  toward 
the  source  of  supply;  say,  in  a  24-story  building,  the  riser  serving 
1  200  ft.  of  radiation,  the  largest  diameter  of  the  pipe  on  a  one-pipe 
system  would  be  not  less  than  3£  ins.,  whereas,  with  a  double-supply 
gravity  system,  it  would  be  2J  ins. ,  and  with  a  double-supply  vacuum 
system  the  diameter  would  be  less  than  2  ins. 

In  closing  this  discussion,  the  writer  acknowleges  the  courtesy 
extended  to  him  by  the  following  gentlemen,  and  the  opportunity  given 
to  obtain  many  of  the  data  in  the  original  paper  and  in  the  discussion : 
Mr.  John  Frigar,  Chief  Engineer,  Drexel  Building,  Philadelphia;  Mr. 
Samuel  Dinsmore,  Chief  Engineer  and  Superintendent,  Stephen  Girard 
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Building,  Philadelphia;  Mr.  Alonzo  Dalton,  Chief  Engineer  and  Super-  Mr.  Darrach. 
intendent,  Land  Title  and  Trust  Company's  Building,  Philadelphia; 
Mr.  George  Atkins,  Chief  Engineer  and  Superintendent,  and  Mr.  W.  G. 
Bice,  Assistant  Engineer,  Beal  Estate  Trust  Company's  Building, 
Philadelphia;  Mr.  William  A.  McEwen,  Superintendent,  and  Mr. 
Wm.  H.  He  wit  son,  Chief  Engineer,  United  Gas  Improvement  Com- 
pany's Building,  Philadelphia,  and  Mr.  Benjamin  Hough,  Chief  En- 
gineer and  Superintendent,  North  American  Building. 
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THE  SUPPOETING  POWER  OP  PILES. 

Discussion.* 


By  £.  Sherman  Gould,  M.  Am.  Soc.  C.  E. 


Mr.  Gould.  E.  Sherman  Gould,  M.  Am.  Soc.  G.  E.  (by  letter). — This  paper  is 
valuable  in  that  it  exhausts  completely  the  mathematical  side  of  the 
question  of  pile-driving,  which  comes  up  at  intervals,  with  greater 
or  less  profit  to  the  profession.  •  No  such  thorough  analysis  as  is  given 
by  the  author  can  ever  be  deemed  useless,  because  it  either  establishes 
a  rational  formula  or  demonstrates  that  none  such  can  exist.  It  appears 
to  the  writer  that  this  paper  proves  the  latter  proposition. 

As  a  practical  art,  pile-driving  depends  wholly  and  exclusively  upon 
practical  experience.  Mathematics  has  nothing  whatever  to  do  with 
it.  At  most,  practice  may  utilize,  under  great  reserve,  some  approved 
empirical  formula,  which  is  indeed  only  the  embodiment  and  concise 
expression  of  practical  experience.  This  is  abundantly  proved  by  the 
fact  that  the  practice  of  pile-driving  has  been  carried  to  a  high  degree 
of  perfection,  while  the  science  is  not  yet  established. 

In  the  every -day  practice  of  ordinary  pile-driving  on  land  and  water, 
it  is  known  that  yellow  pine  piles,  10  to  15  ins.  in  diameter  at  the  butt, 
driven  to  a  practical  refusal,  or  until  they  "  fetch  up,"  with  a  hammer 
weighing  from  2  000  to  4  000  lbs.,  with  a  fall  of  from  5  to  20  ft.,  all 
according  to  circumstances,  give  satisfactory  results;  the  only  remain- 
ing question  being  how  many  shall  be  driven  in  the  given  area.    In  all 

*  This  discussion  (of  the  paper  by  Ernest  P.  Goodrich,  Jun.  Am.  Soc.  C.  E.,  printed 
in  Proceeding*  for  December,  1901),  is  printed  in  Proceedings  in  order  that  the  views 
expressed  may  be  brought  before  all  members  of -the  Society  for  further  discussion. 

Communications  on  this  subject  received  prior  to  March  20th,  1008,  will  be  published 
subsequently. 
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ordinary  work,  considerations  of  continuity  of  bearing  result  in  spacing  Mr.  Gould, 
the  piles  so  close  together  that  their  bearing  capacity,  as  determined 
by  any  known  formula,  vastly  exceeds  the  weight  to  be  placed  upon 
them.  When  any  doubt  exists  as  to  the  probable  length  of  piles 
required,  recourse  is  had  to  an  actual  test.  If  piles  of  great  length 
are  to  be  driven  in  uncertain  ground,  to  support  an  important 
structure,  the  best  available  expert  advice  should  be  invoked,  rather 
than  the  best  mathematical  talent. 

The  only  obstacle  to  reducing  any  engineering  proposition  to  a 
rational  formula  is  uncertainty  as  to  data.  If  all  the  data  are  known, 
to  a  certainty,  the  problem  falls  inevitably  within  the  iron  grasp  of 
analysis,  from  which  it  cannot  escape,  and  to  which  it  must  yield  its 
secret.  In  pile-driving,  data  are  conspicuously  lacking.  Of  course 
the  weight  of  the  hammer,  the  height  of  fall,  etc. ,  are  known,  but  all 
these  factors  are  affected  by  unknowable  and  varying  coefficients. 
What  are  the  conditions  under  which  a  4  000-lb.  hammer,  falling  20  ft., 
strikes  the  head  of  a  pile,  15  ins.  at  the  butt?  In  the  first  place,  the 
force  of  the  blow  is  entirely  under  the  control  of  the  man  who  has  one 
hand  on  the  throttle,  and  the  other  on  the  drum-brake.  How  lightly 
he  can  tap  the  pile.  He  can  almost  crack  a  hickory  nut  on  it  without 
injuring  the  kernel.  But,  admitting  that  he  acts  in  good  faith,  and 
"  lets  go  altogether,"  the  falling  weight  must  overhaul  the  rope  and 
revolve  the  drum  in  its  descent,  and  also  overcome  the  friction  of  the 
leaders.  Several  men  will  be  keeping  the  pile  in  position  by  jamming 
handspikes  between  it  and  the  leaders,  and  by  hauling  it  in  by  the 
headlines  on  the  winch.  There  is  also  the  brooming  of  the  head  of  the 
pile,  above  the  ring,  upon  which  the  hammer  cushions  itself  to  a  greater 
or  less  extent.  All  these  resistances  are  to  be  added  to  that  offered  to  * 
the  pile  by  the  substance  through  which  it  is  being  driven,  and  these 
circumstances — and  many  more — destroy  all  hope  of  a  rational 
formula. 

In  the  writer's  opinion,  no  formula  can  be  applied,  and  no  intelli- 
gent guess  made  as  to  the  bearing  capacity  pf  a  pile,  unless  it  is 
driven  to  a  practical  refusal  of,  say,  1  inch.  The  best  way  is  to  drive 
the  pile  down  rapidly  until  it  either  refuses  a  high  fall,  or  has  gone 
down  nearly  to  grade,  and,  in  the  latter  case,  to  reduce  the  fall  till 
refusal  is  exhibited,  and  then,  if  desired,  apply  the  formula.  He 
believes,  also,  that  refusal  can  be  estimated  by  eye  without  actual 
measurement;  it  is  very  noticeable  when  penetration  becomes  labored, 
and  the  pile  is  beginning  to  fetch  up.  All  attempts  at  refinement  of 
measurements  of  the  fall  and  penetration  have  the  fatal  defect  of  re- 
tarding the  rapidity  with  which  the  pile  is  sent  home.  When  piles  are 
driven  down  to  a  hard  substratum  there  is,  of  course,  no  difficulty  in 
tolling  when  they  are  home,  and  all  hammering  should  then  be 
stopped. 
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Mr.  Gould.  Another  element  which  makes  for  safety,  but  which  baffles  calcula- 
tion, is  the  clinging  action  of  the  material  through  which  the  pile  is 
driven,  and  which  action  is  set  np  immediately  after  it  has  been 
allowed  to  come  to  rest.  It  is  often  impossible  to  draw  a  defective 
pile  even  a  very  short  time  after  it  has  been  driven,  unless  a  few  blows 
be  given  by  the  hammer  to  start  it,  when  it  may  come  up  very  easily. 
A  pile  which  has  gone  down  readily  to-day  may  utterly  refuse  all 
further  penetration  under  the  same  hammer  and  fall  to-morrow;  for 
this  reason,  driving  should  be  continuous,  till  the  pile  is  home. 

The  writer  observes  with  some  surprise  that  the  author  makes  no 
mention  of  the  paper*  presented  by  Charles  H.  Has  well,  M.  Am.  Soc. 
0.  E.,  which  gave  rise  to  an  instructive  discussion.  In  this  paper  Mr. 
Haswell  gave  a  formula,  which,  admitting  a  set  of  J  in. ,  and  a  factor 
of  safety  of  6,  reduces  to 

L  =  5  WVh (1) 

in  which  L  =  safe  load,  and  W=  weight  of  hammer,  both  in  the  same 
unit,  and  k  =  fall,  in  feet.  Wellington's  formula,  given  in  the  same 
paper,  admitting  a  set  of  1  in.,  reduces  to 

L=Wh (2) 

the  nomenclature  remaining  the  same.  If  a  set  of  J  in.  be  admitted, 
the  same  as  in  Equation  (1),  then  Equation  (2)  reduces  to 

L  =  1.33  Wh ' (3) 

For  falls  of  between  10  and  20  ft.,  Equations  (1)  and  (3)  give  nearly 
equal  values  of  L.     Either  is  serviceable  under  average  conditions. 

In  thus  exalting  the  part  which  the  trained  judgment  plays  in  the 
art  of  pile-driving,  the  writer  does  not  wish  to  detract  in  the  least 
from  the  high  degree  of  analytical  ability  displayed  by  the  author. 

*  Transactions,  Am.  Soc.  C.  E.,  vol.  xlii.,  p.  207. 
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MINUTES  OF  MEETINGS. 


OF  THE  SOCIETY. 


March  5th,  190a. — The  meeting  was  called  to  order  at  8.40  p.  m., 
Joseph  M.  Knap,  Treasurer,  Am.  Soc.  G.  E.,  in  the  chair;  Charles 
Warren  Hunt,  Secretary;  and  present,  also,  110  members  and  11 
visitors. 

The  minutes  of  the  meetings  of  February  5th  and  19th  were  ap- 
proved as  printed  in  the  Proceedings  for  February,  1902. 

Messrs.  Julian  Thornley  and  William  Fitch  Smith  were  appointed 
tellers  to  canvass  the  vote  on  the  proposed  amendment  to  the  Con- 
stitution. 

George  S.  Morison,  Past- President,  Am.  Soc.  C.  £.,  presented  his 
paper  entitled  "  The  Bohio  Dam/'  illustrating  it  with  lantern  slides. 
The  paper  was  supplemented  by  F.  P.  Stearns,  M.  Am.  Soc.  C.  E., 
who  described  in  detail  the  North  Dike  of  the  Wachusett  Beservoir, 
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also  using  lantern  slides.  The  paper  was  further  discussed  by  Messrs. 
Allen  Hazen,  Edward  P.  North,  Boyd  Ehle,  Theodore  PaBchke  and 
the  author.  The  Secretary  presented  a  written  discussion  from 
William  H.  Burr,  M.  Am.  Soc.  C.  E.,  and  announced  that  he  had 
received  others  from  Messrs.  A.  G.  Menocal,  H.  N.  Pharr,  Edwin  Pur- 
yea,  Jr.,  and  C.  A.  Sundstrom.  Owing  to  the  lateness  of  the  hour, 
these  discussions  were  not  read. 

The  tellers  appointed  to  canvass  the  ballots  on  the  proposed  amend- 
ment to  the  Constitution,  changing  the  method  of  election  of  members,* 
reported  as  follows: 

Total  number  of  ballots  received 604 

Without  signature 2 

Not  entitled  to  vote \ 1 

Defective  (not  filled  out) 1 

—      4 

Total  votes  counted  and  found  correct 600 

In  favor  of  the  amendment  (yes) 343 

Against  the  amendment  (no) 257 

600 

The  Chairman  announced  the  proposed  amendment  lost,  as  the 
Constitution  (Sec.  5,  Art.  IX)  provides  that  an  affirmative  vote  of 
two-thirds  of  all  ballots  cast  shall  be  necessary  to  the  adoption  of 
any  amendment. 

Ballots  for  membership  were  canvassed  and  the  following  candi- 
dates were  elected: 

As  Membebs. 

Chables  Anthony,  Jr.,  Buenos  Aires,  Argentine  Republic. 

Wendell  Phillips  Brown,  Cleveland,  Ohio. 

Emtl  Diebitsch,  New  York  City. 

Elstneb  Fishes,  Hamilton,  Ont.,  Canada. 

William  Gebig,  Memphis,  Tenn. 

Robert  Van  Absdale  Nobbis,  Wilkesbarre,  Pa. 

Commodore  Pebby  Ruple,  Cleveland,  Ohio. 

As  Associate  Membebs. 

Chables  William  Bangs,  Jersey  City,  N.  J. 
William  George  Bbenneke,  St.  Louis,  Mo. 
Clarence  Austin  Cbane,  New  York  City. 
Chables  Deblbth,  Jr.,  New  York  City. 
James  Haywabd  Hablow,  Jr.,  Pittsburg,  Pa. 
Joseph  Frederick  Hasskabl,  Philadelphia,  Pa. 
Walteb  Luman  Lawton,  Albany,  N.  Y. 


*  See  Proceedings)  Vol.  xxvili,  p.  85. 
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Charles  Gillinqham  Moobe,  Cleveland,  Ohio. 

William  Elton  Mott,  Ithaca,  N.  Y. 

Hersey  Munrob,  Washington,  D.  C. 

John  Marble  Back,  Santiago  de  Cuba,  Cuba. 

Lewis  Daniel  Bights,  East  Berlin,  Conn. 

Marshall  Pope  Robertson,  New  Orleans,  La. 

Geobge  Rommel,  Jr.,  Lewes,  Del. 

Wabbbn  Bbbtbam  Traybll,  East  Orange,  N.  J. 

The  Secretary  announoed  the  election  of  the  following  candidates 
by  the  Board  of  Direction  on  March  4th,  1902 : 

As  Associate. 
Giffobd  Pinohot,  Washington,  D.  C. 

As  Juniors. 

Clinton  Taloott  Bissell,  Brooklyn,  N.  Y. 
Geobge  William  Lee,  Vilas,  Pa. 

Adjourned. 

March  iotb,  iooa. — The  meeting  was  called  to  order  at  9.45  p.  m., 
Alfred  Noble  in  the  chair;  Charles  Warren  Hunt,  Secretary;  and 
present,  also,  67  members  and  10  guests. 

A  paper  entitled  "  Thermo-Electric  Measurement  of  Stress,"  by  C. 
A.  P.  Turner,  M.  Am.  Soc.  C.  E.,  was  presented  by  the  author. 

The  Secretary  announced  the  death  of  Charles  Edward  Hamlin, 
elected  Associate  January  2d,  1894;  died  January  20th,  1902. 

Adjourned. 
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OP  THE  BOARD  OF  DIRECTION. 

(Abstract.) 

March  4th,  190a. — 8.30  p.  m. — Vice-President  Schneider  in  the 
Chair;  Charles  Warren  Hunt,  Secretary;  and  present,  also,  Messrs. 
Buck,  Croes,  Knap,  Kuichling,  Pegram,  O'Rourke,  Seaman  and 
Swain. 

Action  was  taken  in  the  matter  of  the  appointment  of  a  Special 
Committee  on  Bail  Sections. 

The  following  Local  Committee  of  Arrangements  for  the  Annual 
Convention,  to  be  held  at  Washington,  May  20th  to  24th,  1902,  was 
appointed: 

Gbobob  W.  Melyellk,  Chairman; 
John  Beddlb,  C.  B.  Hunt, 

William  M.  Black,  D.  E.  McComb, 

D.  S.  Carll,  Alkxandhb  Mackbkzib, 

BBBNABD  B.  GRHHN,  AlKTAHDKB  M.  Uttme^, 

H.  M  Wilson. 

The  appointment,  by  the  President,  of  the  following  Committee  to 
report  a  Proposed  Amendment  to  the  Constitution,  in  regard  to  the 
method  of  election  of  members,  and  also  in  regard  to  the  raising  of 
the  standard  of  qualification  for  admission  to  the  Society, 
announced: 

H.  G.  Pbout,  CkainmaHy'        Representing  District  No.  1. 

H.  A.  Cabson,  "  "  No.  2. 

G.  S.  Williams,  ««  •«  No,  & 

Thomas  H.  Johnson,  "  "  No.  4. 

R  J.  Blakb.  •«  "  No.  5. 

Dantbl  BoxTEOor,  «  ««  No,  6. 

Jambs  D.  Schttlkb,  •«  "  No.  7. 


One  candidate  for  Associate  and  two  for  Junior  were  elected.* 
Action  was  taken  in  regard  to  members  in  arrears  for  dues. 
Applications  were  considered  and  other  routine  business  transacted. 

AdjtM 


•Seep*****. 


Aflairs.1  ANNOUNCEMENTS.  101 

ANNOUNCEMENTS. 

The  House  off  the  Society  is  open  from  9  A.  M.  to  10  P.  M 

every  day,  except  Sundays,  Fourth  off  July,  Thanksgiving  Day  and 

Christmas  Day. 

MEETINGS. 

Wednesday,  April  ad,  190a.— 8.30  p.  m. — At  this  meeting  ballots 
for  membership  will  be  canvassed,  and  two  papers  will  be  presented; 
one  by  Marsden  Man  son,  M.  Am.  Soc.  C.  E.,  entitled  "A  Brief  His- 
tory of  Road  Conditions  and  Legislation  in  California, "  and  the  other 
by  Charles  C.  Went  worth,  M.  Am.  Soc.  C.  E.,  on  "Line  and  Surface 
for  Railway  Curves." 

These  papers  were  printed  in  the  Proceedings  for  February,  1902. 

Wednesday,  April  16th,  190 2.— 8.30  p.  m.— At  this  meeting  two 
papers  will  be  presented  for  discussion,  as  follows:  "  Is  It  Unprofes- 
sional for  an  Engineer  to  be  a  Patentee?"  by  Archibald  R.  Eldridge, 
M.  Am.  Soc.  C.  E. ;  and  "  The  Stiffening  System  of  Long-Span  Sus- 
pension Bridges  for  Railway  Trains,"  by  Joseph  Mayer,  M.  Am.  Soc. 
C.  E. 

These  papers  were  printed  in  the  Proceedings  for  February,  1902. 

Wednesday,  May  7th,  190a.— 8.80  p.  m.— At  this  meeting  ballots 
for  membership  will  be  canvassed,  and  a  paper  by  George  S.  Webster 
and  Samuel  Tobias  Wagner,  Members,  Am.  Soc.  C.  E.,  entitled  "The 
Pennsylvania  Avenue  Subway  and  Tunnel,  Philadelphia,  Pa.,"  will  be 
presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

ADDITIONAL  PAPER. 

Attention  is  called  to  the  paper  entitled  "  Stresses  in  Columns 
Subject  to  Combined  Axial  and  Transverse  Loading,"  by  Charles 
Worthington,  M.  Am.  Soc.  C.  E.,  published  in  this  number  of  Pro- 
ceedings. This  paper  will  not  be  presented  for  discussion  at  any 
meeting,  but  written  communications  on  the  subject  are  invited  for 
publication,  and  its  discussion  may  be  called  up  by  any  member  at 
any  future  meeting  of  the  Society. 

ANNUAL  CONVENTION  OF  1903. 

The  Thirty-fourth  Annual  Convention  of  the  Society  will  be  held  at 
Washington,  D.  C. ,  beginning  on  Tuesday,  May  20th,  1902. 

The  general  arrangements  for  the  Convention  are  in  the  hands  of  a 
Committee  of  the  Board  of  Direction,  consisting  of  the  following: 

MOBDEOAI  T.    EnDIOOTT, 

Gbobge  H.  Pegbam,  Chas.  Wabkbn  Hunt. 
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The  following  Local  Committee  of  Arrangements  has  been  appointed 
by  the  Board  of  Direction : 

Geobge  W.  Melville,  Chairman; 
John  Btddle,  C.  B.  Hunt, 

William  M.  Black,  D.  £.  McComb, 

D.  8.  CABLL,  ALEXANDER  MACKENZIE, 

BERNARD  B.  GbEEN,  AliEXANDEB  M.  MlLLER, 

H.  M.  Wilson. 

TOPICS  FOR  DISCUSSION  AT  THE  ANNUAL  CONVENTION. 

No  suggestions  haying  been  received  in  response  to  the  request  pub- 
lished in  the  February  Proceedings  under  this  head,  it  is  here  repeated 
in  the  hope  that  members  will  take  some  interest  in  this  important 
matter. 

It  will  be  remembered  that  at  the  last  three  Conventions  no  formal 
papers  have  been  presented,  but  that  in  their  stead  topics  of  general 
interest  have  been  presented  for  discussion.  The  resulting  attendance 
and  interest  in  Convention  meetings  has  shown  the  wisdom  of  the 
change,  and  the  Committee  on  Publications  will  be  glad  to  have 
members  suggest  topics  suitable  for  discussion. 

The  following  list,  of  the  subjects  which  have  already  been  discussed 
at  Conventions,  is  here  printed,  in  order  to  give  some  idea  of  the  kind 
of  subjects  desired : 

List  of  Subjects  Presented  fob  Discussion  at  the  last  three 

Annual  Conventions. 

"  Should  the  use  of  the  method  of  Wheel  Concentrations  be  discon- 
tinued in  determining  the  Stresses  in  Railroad  Bridges? 

"  In  view  of  present  knowledge  of  the  Effect  of  Repeated  Applications 
of  Load,  should  Fatigue  Formulas  be  used  in  Bridge  Design? 

"  (a)  Should  Stream  Contamination  by  the  Sewage  of  Cities  be  abso- 
lutely prohibited  by  law? 

"  (b)  Should  the  Purification  of  the  Sewage  of  Cities  be  compulsory, 
and  is  this  feasible  for  Large  Cities? 

"  (c)  Is  Filtration  the  coming  solution  of  the  Pure- Water  Question  fop 
Cities? 

"  What  is  the  Proper  Friction  Coefficient  for  use  in  the  design  of 
Riveted  Steel  Pipe? 

"  What  are  the  economic  conditions  under  which  Electricity  may  be 
profitably  substituted  for  Steam  in  the  operation  of  Branch  Kail- 
road  Lines,  and  what  are  the  engineering  requirements  to  be  con- 
sidered in  such  substitution? 

"  What  is  the  present  development  of  the  so-called  Telferage  System 
for  moving  either  Freight  or  Passengers?  What  are  the  conditions 
under  which  that  System  is  preferable  to  movement  by  Rail,  and 
what  is  its  adaptability  to  still  further  application  in  competition 
with  Rail  Lines? 
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"  Height  of  Buildings. 

(1)  What  considerations  should  limit  the  height  of  buildings? 

(2)  Do  recent  developments  in  construction,  sanitation,  intercom- 

munication  and   economy   of   administration,   warrant   the 
removal  of  all  restrictions? 
"  Recant  Practice  in  Bails. 

The  progressive  increase  in  weight;  the  increase  in  hardness,  par- 
ticularly in  carbon;  the  sections  in  most  general  use;  the  effect 
of  changes  in  weight,  composition  and  section. 
"  Filtration  of  Water  for  Public  Use. 

The  several  processes  now  used  for  the  removal  of  objectionable 
matter;    their    comparative  sanitary  effect,    cost   and   reli- 
ability. 
"  Do  the  interests  of  the  profession,  and  the  duty  of  its  members  to 
the  public,  require  that  only  those  who  are  competent  be  allowed 
to  practice  as  Civil  Engineers?    Under  what  authority,  through 
what  agency,  and  upon  what  evidence  of  competency,  should 
applicants  be  admitted  to  the  practice  of  Civil  Engineering? 
' '  Steel-Concrete  Construction. 

What  stress  in  tension  and  compression  should  be  allowed  in  con- 
crete? 
What  is  the  proper  modulus  of  elasticity  of  concrete? 
In  Steel-Concrete  Arches: 

(1)  What  should  be  the  ratio  of  steel  section  to  concrete  section, 

and  what  is  the  best  form  and  disposition  of  the  former? 

(2)  What  consideration  should  be  given  to  temperature  changes 

and  consequent  stresses? 
(8)  What  are  the  best  proportions  for  concrete,  and  what  is  the 
.  best  method  of  placing  it? 
"  The  Decolorization  of  Water. 

When  is  it  necessary?    How  may  it  be  accomplished? 
"  The  Consumption  of  Water  in  Municipal  Supplies  and  the  Restriction 
of  Waste." 
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DONATIONS.* 


(From  February  12th  to  March  12th,  1902.) 

AN   ELEMENTARY   BOOK  ON   ELECTRICITY   AND   MAGNETISM   AND   THEIR 
APPLICATIONS. 

A  Text -Book  for  Manual  Training  Schools  and  High  Schools,  and  a 
Manual  for  Artisans,  Apprentices,  and  Home  Headers.  By  Dngald  C. 
Jackson,  M.  Am.  Inst.  E.  £.,  and  John  Price  Jackson,  M.  Am.  Inst. 
£.  £.  I  Leather,  8  x  5|  ins.,  11  -f  482  pp.,  illus.  New  York,  The 
Macmillan  Company,  1902.     SI. 40.     (Donated  by  Dngald  C.  Jackson.) 

While  this  book  is  more  especially  Intended  for  an  elementary  text-book,  the  authors 
believe  that  it  will  prove  a  useful  manual  for  apprentices  and  artisans,  and  have  exerted 
every  effort  to  make  it  clear,  forceful  and  of  strict  scientific  accuracy.  There  is  an 
index  of  fourteen  pages. 

RBCHBRCHES  SUR  LES  RIVIERES  A  MAREE. 

By  H.-L.  Fartiot.  Paper,  11  X  7 ins.,  illns.,  with  atlas,  12  X  9  ins. 
Paris,  £.  Bernard  &  Cie. ,  1901.     (Donated  by  the  Author. ) 

The  Contents  are:  Formulas  necessaires  a  l'ttude  des  rivieres  a  maree;  Determina- 
tion du  regime  futur  d\m  cours  d,eau  maritime;  Etude  de  Tembouchure  des  rivieres; 
La  8eine  maritime;  La  Loire  maritime;  Feuilles  de  hauteurs  d1eau  et  tableaux  du 
cubage. 

CAST  IRON. 

A  Becord  of  Original  Research.  By  William  J.  Keep,  M.  Am. 
Soc.  M.  £.,  M.  Am.  Inst.  Min.  E.  Cloth,  9  x  6  ins.,  15  +  225 pp.,  illns. 
New  York,  John  Wiley  &  Sons,  1902.     $2.50. 

The  author  states  that  since  May,  1886,  he  has  endeavored,  by  his  method  of  testing,  to 
discover  the  influence  of  the  chemical  elements  in  cast  iron,  and  the  results  were  recorded 
in  the  Transact  ions  of  the  American  Institute  of  Mining  Engineers,  prior  to  1894.  As  a 
member  of  the  Testing  Committee  of  the  American  Society  of  Mechanical  Engineers,  he 
also  made  extensive  experiments  to  determine  the  physical  properties  of  cast  iron,  the 
results  of  which  are  recorded  in  the  Transactions  of  that  society.  This  volume  contains 
the  results  of  this  whole  line  of  research.  The  headings  of  chapters  are:  Definitions; 
Graphic  Records;  Methods  of  Investigation;  Crystallization  of  Cast  Iron;  Carbon  in 
Cast  Iron;  Silicon  in  Cast  Iron;  Shrinkage  of  Cast  Iron;  Keep's  Cooling  Curves,  a  Study 
of  Molecular  Changes  in  Metals  Due  to  varying  Temperatures;  Phosphorus  in  Cast  Iron; 
Sulphur  in  Cast  Iron;  Manganese  in  Cast  Iron;  Segregation;  Strength  of  Cast  Iron; 
Impact;  Graphic  Method  for  Closely  Approximating  the  Percentage  of  Silicon,  the 
Shrinkage,  and  Strength  of  Any  Other  Size  of  Casting  than  the  One  Tested;  Hardness 
or  Workability  of  Metals;  Mechanical  Analysis  or  Chemical  Analysis  for  Regulating 
Foundry  Iron;  Chemical  Analysis  Will  Not  Account  for  all  Physical  Properties  of  Cast 
Iron;  Test-Bars;  Keep's  Testing  Apparatus;  Pig  Irons  and  Silicon  Irons:  Testing  Small 
Samples  of  Pig  Iron;  Aluminum  in  Cast  Iron;  Influence  of  Various  Metals  in  Cast  Iron. 
There  is  an  index  of  sixteen  pages. 

The  following  gifts  have  also  been  received: 


Am.  Iron  and  Steel  Assoc.    86  nos. 

Am.  Soc.  for  Prevention  of  Cruelty  to  Ani- 
mals.   1  pam. 

Boston  Testing  Laboratories.    4  vol. 

Coll.  degli  Ingegneri  e  Architetti  in  Pal- 
ermo.   1  pam. 

Davidson,  George.    8  pam. 

Fitchburg  City  £ngr.    1  pam. 

Heyland,  Alexander.    4  pam. 

Jackson,  William.    B  bound  vol.,  3  pam. 

KOnigliche  Technische  Hochschule.  1 
pam. 


Madras  Pub.  Works  Dept.    1  bound  voL 
Mass.  Board  of  Harbor  and  Land  Commra. 

1  bound  vol. 
Mass.  Bureau  of  Statistics  of  Labor.     0 

bound  vol. 
Morison,  George  S.    1  pam. 
Munn  &  Co.    21  nos. 
N.  Y.  Board  of  R.  R.  Commrs.    8  bound 

vol. 
North  of  England  Inst,  of  Min.  and  Mech. 

Engrs.    l  pam. 
Piatt,  T.  C.    1  pam. 


•  Unless  otherwise  specified,  books  in  this  list  have  been  donated  to  the  Library  by 
the  Publisher. 
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Read,  R.  L.    7  nam. 

Richardson,  Clifford.    1  pam. 

Schreiber,  Collingwood.    1  voL 

8wain,  O.  F.    1  pam. 

Switzerland  hydronietriflcheAbteimng  dea 

eidg.  Oberbaulnspektorates.    7  pam. 
Thompson,  Root.  A.    1  pam. 
Thrupp,  Edgar  C.    1  pam. 
U.  8.  Bureau  of  Statistics.    1  bound  vol. 
V.  S.  Chief  of  Engra.    14  pam. 
tJ.  S.  Commr.  of  Education.    1  bound  toL 


U.  8.  Geological  Sunr.  1  bound  vol.,  2  voL, 

7  pam. 
U.  8.  Interstate  Commerce  Comm.     5 

pam. 
U.  8.  Navy  Dept.    1  vol..  96  pam. 
U.  8.  Pub.  Roads  Inquiries.    1  pam. 
U.  8.  Weather  Bureau.    2  pam. 
Univ.  of  Texas  Mineral  Surv.    1  pam. 
Wallace,  J.  F.    1  vol. 
Wallhelm,  Albert.    1  pam. 
Whipple,  George  C.    1  pam. 


BY  PURCHASE. 

Biblioth&que  da  Conducteur  de  Travaux  Publics;  Pnbliee  sous  les 
Auspices  de  Messieurs  les  Ministres  dee  Travaux  Publics,  de  r Agricul- 
ture, de  rinstruction  Publique,  du  Commerce  et  de  l'lndustrie,  de 
rinterieur,  des  Colonies,  de  la  Justice.  43  vols.  Paris,  P.  Yioq- 
Dunod  et  Cie.,  1894-1902. 

Le  Chemin  deFer  Mltropolitain  de  Paris;  Description  du  Beseau 
Projet6— Lignes  Actuellement  Exeoutees,  Usine  de  Bercy — Exploita- 
tion des  Ldgnes  en  Service,  Lignes  Actuellement  en  Construction.  Par 
A.  Dumas.     Paris,  Ch.  Beranger,  1901. 

Deutsche  Bauzeitung  (to  complete  set).    13  vols. 


SlJMMAKY  OF  ACCESSIONS. 

February  12th  to  March  12th,  1902. 

Donations  (inolnding  7  duplicates  and  57  numbers  completing 

volumes  of  periodicals) 184 

By  purchase 57 

Total 241 
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MEMBERSHIP. 


ADDITIONS. 


Date  of 
Membership. 

Babbeb,  William  Davis, 

Asst.  Engr.  in  Chg.,  Div.  of  Pnmping  Station  r 

Constr.  and  Bepairs,  Dept.  of  Public  Works  \  ^BOC'  M'    °ept'     *•  ™T 

(Bes.  1700  Buckingham  PL,  Chicago,  Dl.) . .  (     '  Jan#      8|    ^ 

DlEBlTSCH,   EMZL, 

Engr.  and  Supt.  for  John  Peirce,  277  Broad-  /  Jun.  Feb.  28,  1893 

way  (Bes.,  80  Washington  Sq.),  New  York  •]  Assoc.  M.  Oct.     6,  1897 

City (M.  March  6,  1902 

Fishkb,  Elstneb,                                                         t  Jun.  Apr.     3,  1889 

Gen.  Supt.  and  Cht  Engr.,  T.,  H.  k  B.  By.  •]  Assoc  M.  June    2,  1897 

Co.,  Hamilton,  Ont.,  Canada ( M.  March  5,  1902 

NOBBIB,  BOBEBT  Van  AbBDALE, 

Ohf .  Engr.,  Pennsylvania  B.  B.  Coal  &  Water  (  Jun.  Dec.     7, 1887 

Cos.,  Wilkesbarre,  Pa ]  M.  March  5,  1902 

associate  membeb8. 

Bbenneks,  William  Geobge, 

(Brenneke  &  Fay,   Cons.   Civ.    Engrs.),   1000  Fullerton 

Bldg.,  St.  Louis,  Mo March  5,  1902 

Cbane,  Clabbnoe  Austin, 

Asst.  Engr.,  Aqueduct  Comm.,  Jerome  Park  Reservoir, 

121  West  70th  St.,  New  YorkCity March  5,  1902 

tTamocaict.,  Joseph  Fbedebicx, 

U.  S.  Engr.  Office,  2310  Hancock  St.,  Philadelphia,  Pa..     March  5,  1902 
Lawton,  Waltbb  Luman, 

Structural  Engr.  for  N.  Y.  State  Archt.,  132  Chestnut  St., 

Albany,  N.  Y Maroh  5,  1902 

McOaffbbt,  Riohabd  Stanislaus, 

Supt.,  Santa  Fe  Gold  &  Copper  Mining  Co.,  i  Jun.  May     4,  1897 

San  Pedro,  N.  Mez \  Assoc.  M.    Sept.    4,  1901 

Mott,  William  Elton, 

Asst  Prof,  of  Civ.  Eng.,  Cornell  Univ.,   Ithaca,  N.  Y March  5,  1902 

MUNBOE,  HEB8ET, 

Topographer,    U.    S.    Geological   Survey,    Washington, 

D.  C March5,1902 

Shobt,  William  Ambbobe  Dudley, 

Signal  Engr.,  Cincinnati  Div.,  C,  N.  O.  &  T.  P.  By. 

(Bes.,  90  Market  St.),  Lexington,  Ky Feb.     5,  1902 

Smith,  Albert  Henbt, 

Mech.  Engr.  and  Chf.  Insp.,  Toledo  Branch  of  American 
Bridge  Co.,  1309  Utah  St.,  Toledo,  Ohio Oct      2,  1901 
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Membership 

Fuller,  Almon  Homes, 

Prof,  of  Civ.  Eng.,  Univ.  of  Washington,  Uni-  c  Jan.       Apr.     4, 1899 

verBity  Station,  Seattle,  Wash 1  Assoc.    Feb.     4, 1902 

Pxnohot,  Gutobd, 

Forester,  U.  S.  Dept.  of  Agriculture,  and  Chief  of  Bureau 
of  Forestry  (Res.,  1615  Rhode  Island  Ave.),  Washington, 
D.  C... March 4,  1902 


JUNIORS. 

Bibsell,  Clinton  Talcott, 

258  Ryerson  St.,  Brooklyn,  N.  Y March  4,  1902 

DUNNELLS,  ClXTVOBD  GeOBGE, 

332  Mathilda  St.,  Pittsburg,  Pa Feb.     4,1902 

Mobpht,  Luis  Gonzaoa, 

75  Fourth  8t,  Troy,  N.  Y Feb.     4,  1902 

Raster,  Waltheb, 

391  W.  Jackson  Blvd.,  Chioago,  HL Feb.     4,  1902 

Raynob,  Clarence  Webster, 

Jun.  Engr.,  U.  S.  Engr.  Office,  33  Campau  Bldg.,  Detroit, 

Mich Feb.     4,  1902 

CHANGES  OP  ADDRESS. 


Abbott,  Abthub  Vauohan Care,  Westinghouse,    Church,    Kerr  & 

Co.,  26  Cortlandt  St.,  Boom  812,  New 
York  City. 

Allen,  Kenneth Cons.  Engr.,  Equitable  Bldg.,  Balti- 
more, McL 

Babdol,  Frank  Valentine  Ebhabd..  .Cons,  and  Contr.  Engr.,  400  D.  S  Mor- 
gan Bldg.,  Buffalo,  N.  Y. 

Benson,  Obyille Engr.,  American    Bridge  Co.,    Canton 

Plant,  Canton,  Ohio. 

Blackwell,  Charles 18  Hulbert  Blk.,  Cincinnati,  Ohio. 

Bonteoou,  Djniel 605   Postal   Telegraph   Bldg.,    Kansas 

City,  Mo. 

Cobthell,  Abthub  Bateman Terminal  Engr.,  Grand  Central  Station 

Impvts.,  N.  Y.  C.  &  H.  R.  R.  R.,  23 
East  48th  St.,  New  York  City. 

Cobthell,  Elmxb  Lawbenoe Berne,  Switzerland;  and  1  Nassau  St., 

New  York  City. 

Duogan,  Gbobgb  Hebbick Care,    Dominion     Iron   &   Steel   Co., 

Sydney,  N.  S.,  Canada. 

Fabnum,  Henby  Harrison 324  East  150th  St,  New  York  City. 

Hates,  Stanley  Woloott Chf.  Engr.,  J.  C.  &  L.  E.  Ry.,  West- 
field,  N.  Y. 
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Jenkihb,  William  Dunbar Engr.  in  Chg.,  Guthrie  Extension,  C, 

O.  <fe  G.  R.  R.,  Guthrie,  Ind.  T. 
Lea,  Samuel  Hill, Hotel  Wellington,  Seventh  Aye.,  near 

55th  St.,  New  York  City. 

Lee,  Wellington  Babnes Hillburn,  Rockland  Co.,  N.  Y. 

Llewellyn,  Francis  John Asst.  to  Vice-Free.,   American  Bridge 

Co.,  Monadnock  Blk.,  Chicago,  HI. 
Parker,  Chables  Jeremiah Chf.  Engr.,  Rutland  R.  R.  Co.,  Rat 

land,  Vt. 
Smith,  Jonas  Waldo Engr.    and    Supt.,    The     East   Jersey 

Water  Co.,  308  Main  St.,  Paterson, 

N.J. 
Smith,  Mtt.t.«»  Abmstbono Care,  The  Cuba  Co.,  Puerto  Principe, 

Cuba. 

Stubbs,  Linton  Waddell Atoka,  Ind.  T. 

Thompson,  Ellis  Dunn Prin.  Asst.  Engr.,  U.  S.  Engr.  Office, 

C  8  Army  Bldg.,  39  Whitehall   St., 

New  York  City. 
Wagner,  Samuel  Tobias.  .- Asst.    Engr.,    P.  &  R.    Ry.    Co.,  731 

Reading  Terminal,  Philadelphia,  Pa. 
Webster,  Chables  Edwabd Prin.   Asst.  Engr.,  Western  Dist.,  N. 

Y.  C.  &  H.  R.  R.  R.,  Syracuse,  N.  Y. 

ASSOCIATE  MEMBEBS. 

Aybes,  Clabenoe  Mobton Tuscaloosa,  Ala. 

Bbugleb,  Edwin  James Res.  Engr.,  The  Boston  Terminal  Co., 

Boston,  Mass. 
Hazard,  Ebskinb .Chf.  Surv.,  Lancaster  Gold  Mining  Co., 

and  The  Lancaster  West  Gold  Mining 

Co.,  Box  3197,  Johannesburg,   South 

Africa. 
Homan,  William  MaoLean Cons.  Engr.,   1  Mutual  Bldgs.,  Smith 

St.,  Durban,  Natal,  South  Africa. 

Kahn,  Julius 1117  Union  Trust  Bldg.,  Detroit,  Mich. 

Lund,  George  Alfred 1131  Central  Ave.,  Bridgeport,  Conn. 

Martin,  James  William 525  Van  Buren  St.,  Pueblo,  Colo. 

Pbutn,  Francis  Lansing Asst.  Engr.,   New  East  Oliver  Bridge, 

13  Park  Row,  New  York  City. 
Putnam,  George  Rockwell Asst.,  U.  S.  Coast  and  Geodetic  Survey, 

Washington,  D.  C. 
Throop,  Augustus  Thompson Mgr.}  Buffalo  Eng.  Co.,  Erie  Co.  Bank 

Bldg.,  Buftalo,  N.Y.  (Res.,  706 Buffalo 

Ave.,  Niagara  Falls,  N.  Y.). 

Vogleson,  John  Albert 2d  Asst.  Engr.,  Impvt.,  Extension  and 

Filtration  of  Water  Supply,  Torres- 
dale  Filters,  State  Road  and  Penny- 
pack  St.,  Station  "  M,"  Philadelphia 
Pa, 
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Whxbksman,  Jambs  Pjeteb Bureau  of  Bldgs.,  Borough  of  Manhat- 
tan, 220  Fourth  Ave.,  New  York  City. 

Whistles,  John  T 1823  Kalorama  Ave.,  Washington,  D.  C. 

Zabbbll,  Elmeb Care,  Chf.  Engr.,  L.  &  N.  B.  B.t  Louis- 
ville, Ky. 

JUNI0B8. 

Dixon,  Db  Forest  Halstxd 166  Remsen  St. ,  Brooklyn,  N.  Y. 

Maot,  Elbebt  Clyde Asst.  Engr.,  0.  G.  W.  By.,  St.  Paul, 

Minn. 

Sfbngeb,  Louis  Bebnabd Box  448,  Salt  Lake  City,  Utah. 

Wilis,  Clinton  Glbnoaibn Frin.  Asst.  Engr.,  Maryland  &  Pennsyl- 
vania B.  B.,  North  Ave.  and  Oak  St., 
Baltimore,  Md. 

FELLOWS. 

Dabwik,  Habbt  Gzlbbbt Chf.  San.  Insp.,  Tenement  House  Dept., 

44  Court  St.  (Bes.,   703  Yanderbilt 
Ave.),  Brooklyn,  N.  Y. 
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MONTHLY  LIST  OP  RECENT  ENGINEERING  ARTICLES  OF 

INTEREST. 


(February  12th  to  March  12th,  1902.) 

Note. — This  list  is  published  for  (he  purpose  of  placing  before  the  members 
of  the  Society  the  titles  of  current  engineering  articles,  which  can  be  referred 
to  in  any  available  engineering  library,  or  can  he  procured  by  addressing 
the  publication  directly,  the  address  and  price  being  given  wherever 
possible. 

LIST  OP  PUBLICATIONS. 

In  the  subjoined  list  of  articles  references  are  given  by  the  number  pre- 
fixed to  each  journal  in  this  list 


i)  Journal.  Assoc.  Eng.  Soc.,  967  South 
Fourth  St.,  Philadelphia,  Pa.,  80c. 

(a)  Proceedings,  Ens.  Club  of  Fhila.,  1128 
Oirard  St.,  Philadelphia,  Pa. 

(3)  Journal,  Franklin   Inst.,   Philadel- 

phia, Pa.,  60c. 

(4)  Journal,  Western  Soc.  of  Eng.,  Mo- 

nadnock  Block,  Chicago,  111. 

(5)  Transactions,  Can.  Soc.  C.  E.,  Mon- 

treal, Que.,  Can. 

(6)  School  of  Mines  Quarterly,  Columbia 

Univ.,  New  York  City,  60c. 

(7)  Technology  Quarterly,  Mass.    Inst. 

Tech.,  Boston,  Mass.,  75c. 

(8)  Stevens  Institute  Indicator,  Stevens 

Institute,  Hoboken,  N.  J.,  60c. 
(o)  Engineering  Magazine,  New  York 

City,  80c. 
(to)  Cassier's  Magazine,  New  York  City, 

86c. 
(n)  Engineering  (London),  W.  H.  Wiley, 

New  York  City,  86c. 
(la)  The  Engineer  (London),  International 

News  Co.,  New  York  City,  86c. 

(13)  Engineering  News,  New  York  City, 

16c. 

(14)  The  Engineering  Record,  New  York 

City,  18c. 

(15)  Railroad  Gazette,  New  York  City. 

10c. 

(16)  Engineering  and    Mining  Journal, 

New  York  City,  16c. 

(■7)  Street  Railway  Journal,  New  York 
City.  86c. 

(18)  Railway  and  Engineering  Review, 
Chicago.  111. 

(10)  Scientific  American  Supplement,  New 
York  City,  10c. 

(ao)  Iron  Age,  New  York  City,  10c. 

(ai)  Railway  Engineer,  London,  Eng- 
land. 

(aa)  Iron  and  Coal  Trades  Review,  Lon- 
don, England. 

(33)  Bulletin,  American  Iron  and  Steel 

Assoc.,  Philadelphia,  Pa. 

(34)  American   Gas  Light  Journal,  New 

York  City,  10c. 
(as)  American  Engineer,  New  York  City, 

20c. 
(a6)  Electrical  Review,  London,  England. 
(a7>  Electrical  World  and  Engineer,  Hew 

York  City,  10c. 
(a8)  Journal,  New  England  Water- Works 

Assoc.,  Boston,  75c. 


(ao)  Journal,  Society  of  Arts,  London 
England. 

(30)  Annates   des    Travaux  Publics  de 

Belgique,  Brussels,  Belgium. 

(31)  Annates  de  V  Assoc,  des  Ing.  Sortis 

des  EcSle  Spsciales  de  Gand,  Brus- 
sels, Belgium. 
(3a)  Memoires  et  Compte  Rendu  des  Tra- 
vaux, Soc.   Ing.   Civ.  de  France, 
Paris,  France. 

(33)  Le  Genie  Civtf^Paris,  France. 

(34)  Portefeuille    Economique   des   Ma- 

chines. Paris,  France. 
(33)  NouveUes  Annates  de  la  Construc- 
tion* Paris,  France. 

(36)  La  Revue  Technique,  Paris,  France. 

(37)  Revue  de  Mecanique,  Paris,  France. 

(38)  Revue  Generate  des  Chemins  de  Fer 

et  des  Tramways,  Paris.  France. 
(30)  Railway  Master  Mechanic,  Chicago, 
111. 

[40)  Railway  Age,  Chicago,  111.,  10c. 

(41)  Modern  Machinery  ,ChicaKp,'Ql.,10c. 
(43)  Transactions,  Am.  Inst.  Eleo.  Eng., 

New  York  City,  50c. 

(43)  Annates   des    Fonts   et   Chaussie*, 

Paris.  France. 

(44)  Journal,    Military  Service   Institu- 

tion, Governor's  Island,  New  York 
Harbor,  75c. 
(43)  Mines  and  Minerals,  Scranton,  Pa., 
80c. 

(46)  Scientific  American,  New  York  City, 

10c. 

(47)  Mechanical  Engineer,    Manchester, 

England. 
(58)  Proceedings,  Eng.  Soc.   W.  Fa.,  410 

Penn  Ave.,  Pittsburg.  Pa.,  60c. 
(89)  Transactions,  Mining    Institute    of 

Scotland,  London  and  Newcastle* 

upon-Tyne. 

(60)  Municipal    Engineering,    Indianap- 

olis, Ind.,  86c. 

(61)  Proceedings,  Western  Railway  Club, 

885  Dearborn  St.,  Chicago,  111.,  96c 
(6a)  American  Manufacturer  and  Iron 
World,  60  Ninth  St.,  Pittsburg,  Pa. 

(63)  Minutes  of  Proceedings,  Inst.  C.  E., 

London,  England. 

(64)  Power.  New  York  City,  10c. 

(65)  Official  Proceedings,  New  York  Rail- 

road Club,  Brooklyn,  N.  Y.,  16c. 
(63)  Official  Proceedings,  New  York  Bail- 
road  Club,  Brooklyn,  N.  Y.,  16c. 
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Bridge. 

8wing  Bridges.*    (ai)  Serial  beginning  May,  1001. 

Tbe  Triangulation  for  Bridge  No.  4  across  the  East  River,  New  York  City.    Oscar 

Erlandsen.  M.  Am.  Soc.  C  E.    (13)  Feb.  18. 
The  Testing  of  Railway  Bridges.    (12)  Feb.  14. 

The  Fern  Hollow  Highway  Arch  Bridge.*    (14)  Serial  beginning  Feb.  15,  ending  Feb.  98. 
Plate-Girder  Webs.*    T.  Graham  Gribble.Assoc.  M.  Inst.  C.  E.    (11)  Feb.  21. 
A  Non-Continuous  Swing  Bridge.*    ( 13)  Feb.  87. 
The  Luxemburg  877-ft.  Stone  Arch  Viaduct.*    (13)  Feb.  27. 

The  Cambridge  Bridge.*    (Extracts  from  article  m  Technology  Review.)    (15)  Feb.  88, 
Roath  Bridge.  Great  western  Railway.*    (13)  Feb.  88. 
Westvale  Concrete  Bridge.*    J.  R.  Worcester.    (60)  Mar. 
The  Erection  of  tbe  Luxemburg  Stone  Arch.*    (14)  Mar.  1. 
The  Zanesville  Concrete-Steel  Y  Bridge.*    (14)  Mar.  1 . 
fttude  Theorique  sur  la  Resistance  des  voutes.    Leon  Cosyn.    (35)  Serial  beginning 

8ept.,  1901. 
Le  Tiaduc  de  MOngsten   (Allemagnej*    Rene  Philippe.    (35)  Serial  beginning  Jan., 

ending  Feb. 
Influence  des  efforts  dus  a  rincllnaison  et  a  Taction  desfrelns  sur  les  poutres  prindpales 

d'un  pont  de  chemin  de  fer  a  Forte  Rampe.*    M.  Rey.    (38)  Feb. 
Note  sur  lee  conditions  d'6tablissement  et  de  stabllite  des  ponts,  ponceaux  et  aqueducs 

en  maoonoerie,  murs  de  soutenement.*    L.  Lanave.    (36)  Serial  beginning  Feb.  10. 
Ponts  levants  du  canal  de  l'Elbe  a  la  Trave.*    (33)  Feb.  15. 

Electrical. 

Electric  Power  Plants  in  the  Mining  Districts  of  Northern  California.*    G.  P.  Grimsley- 

(16)  Serial  beginning  Aug.  81,  fOOl. 
High-Speed  Electric  Railway  Car  of  the  Allgemeine  Elektricitats  Gesellschaft,  Berlin.* 

O.  Lasche.    (37)  Serial  beginning  Sept.  14, 1901. 
The  Induction  Motor  for  Electric  Railways.    (37)  Serial  beginning  Sept.  14, 1901. 
Tbe  Debt  of  Electrical  Engineering  to  C.  E.  L.  Brown.*    B.  A.  Behrend.    (37)  Serial  be- 
ginning Nov.  16,  ending  Mar.  1. 
The  Destructive  and  Lethal  Effects  of  High-Pressure  Currents.     Dr.  Margaret  A. 

Cleaves.    (.36)  Serial  beginning  Nov.  89,  ending  Feb.  88. 
The  Economic  Design  and  Management  of  Telephone  Exchanges.    Arthur  V.  Abbott. 

(37)  Serial  beginning  Dec.  7, 1901. 
The  Testing  and  Management  of  Electric  Motors.*    P.  T.  White.    (36)  Serial  beginning 

Dec.  87, 1901. 
Engines  and  Batteries  for  Power  Stations.    (a6)  Serial  beginning  Jan.  84. 
Methods  of  Illumination.    Louis  Bell.    (43)  Feb. 
South  London  Electricity  Works.*    (36)  Feb.  7. 
Earth  Currents  Derived  from  Distributing  Systems.*    E.  Basil  Wedmore.    (Abstract  of 

paper  read  before  Inst,  of  Elec.  Engrs.)      (36)  Serial  beginning  Feb.  7,  ending 

Recent  Development  of  the  Atomic  Theory  and  its  Connection  with  Light  and  Elec- 
tricity.   C.  C.  Garrard.    (36)  Serial  beginning  Feb.  7,  ending  Feb.  14. 

Modern  Oommutatlng  Dynamo  Machinery,  with  Special  Reference  to  the  Commutating 
Limits.*  H.  M.  Hobart,  M.  I.  E.  E.  (Paper  read  before  International  Eng.  Con- 
gress. )     (11)  Serial  beginning  Feb.  7,  ending  Feb.  81. 

The  Brush  Electrical  Engineering  Company.*  (11)  Serial  beginning  Feb.  7,  ending 
Feb.  14. 

Practical  Notes  on  Continuous-Current  Distributing  Mains.*  John  C.  A.  Ward.  (Ab- 
stract of  paper  read  before  Glasgow  Section  of  Inst,  of  Elec.  Engrs.)    (47)  Feb.  8. 

Electricity  in  Glass  Manufacture.*    ( 13)  Feb.  14. 

Bermondsey  Electricity  Works.*    (36)  Feb.  14. 

The  Westlnghouse  Integrating  Wattmeter.    (36)  Feb.  14. 

Wireless  Telegraphy.    H.  W.  Sullivan.    (36)  Feb.  14. 

Some  Results  of  a  Secondary  Battery  in  a  Traction  Station.    (36)  Feb.  14. 

The  Leakage  of  Current  from  Buried  Bare  Conductors.*    (a6)  Feb.  14. 

How  to  Construct  an  Efficient  Wireless  Telegraph  Apparatus  at  a  Small  Cost.*  A. 
Frederick  Collins.    (10)  Feb.  15. 

Rotary  Disks.    Alfred  G.  Dell.    (37)  Feb.  15. 

Energy  Consumption  and  Electric  Automobile  Performance.*     H.  W.  Alden.    (37) 

The  Power' Plant  of  the  New  United  States  Mint  at  Philadelphia.*    (14)  Feb.  15. 

Storage  Batteries  In  the  Baltimore  Belt  Line  Tunnel  Power  Plant.*    (37)  Feb.  15. 

The  Imperial  Cable,    f  13)  Feb.  81. 

Worksop  Electricity  Works.*    (36)  Feb.  81. 

Designing  of  Continuous  Current  Dynamos.    Aubrey  Clayton.    (36)  Feb.  81. 

An  Improved  Theater  Dimmer.*    (37 )  Feb.  88. 

The  Dalles,  Oregon,  Transmission  Plant.*    (37)  Feb.  88. 

Armature  Interference  and  Brush  Position.     H.  M.  Hobart.    (36)  Serial  beginning 

Feb.  88. 
The  New  Direct  Current  Works  of  the  City  of  London  Electric  Lighting  Company.* 

(36)  Feb.  88. 
Telpherage;  a  System  of  Electric  Traction  *    A.  S.  Clift.    (10)  Mar. 

*  Illustrated. 
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Electrical— (Continued). 

Electric  Power  In  American  Cotton  Mills.*    W.  B.  Smith  Whaley.    (10)  Mar. 

Electric  Appliances  in  Ship-building  Yards.*    Sydney  F.  Walker,    (p)  Mar. 

The  Generators,  Transformers  ana  Rotary  Converters  for  the  Manhattan  Railway.41 

(64)  Mar. 
SUby-Arco  Wireless  Telegraph  Apparatus.*   A.  Frederick  Collins.    (37)  Mar.  1. 
The  National  Telephone  Company's  New  Exchange  at  Kensington,  London.*    (37) 

Mar.  1. 
Two  Recent  English  Central  Stations.*    (37)  Mar.  1. 

The  New  Toll  Line  Boards  of  the  Chicago  Telephone  Company.*    (27)  Mar.  1. 
Power  Transmission  Plant  for  Lighting  the  Cornwall  Canal,  Canada.*    (37)  Mar,  1. 
The  General  Problem  of  Wave  Propagation  over  Non-Uniform  Conductors.    M.  I.  Pupin. 

(37)  Mar.  1. 
The  Thomson  Method  of  Making  Tubes  Electrically.*    (30)  Mar.  6. 
The  Guarlni  Repeating  Wireless  Telegraph  System.*    A.   Frederick  Collins.    (46) 

Mar.  8. 
Development  of  a  Great  Water  Power  System  at  Hartford,  Conn.*   Alton  D.  Adams. 

(37)  Mar.  8. 
District  Electrical  Supply.*    (37)  Mar.  8. 
The  Heany  Enclosed  Arc  Lamp.*    E.  Trier.    (37)  Mar.  8. 

La  Construction  etrEtablissement  dee  Alternateurm.*   (36)  Serial  beginning  Oct.  10,1901. 
Transmission  de  force  par  l'electricite  dans  les  ateliers  de  la  Palmer  Shipbuilding  and 

Iron  Co.  a  Jarrow-sur-Tyne  (Angleterre).*    Ch.  Dantin.    (33)  Feb.  1. 

Marine. 

Graphic  Analyses  of  Propeller  Reactions.    J.  Millen  Adam.    (11)  Serial  beginning  Sept. 

20, 1001. 
The  New  Bermuda  Floating  Dock.    ( 1 1)  Feb.  14. 
Naval  Engineers.    D.  B.  Morison.    (Paper  read  before  North-East  Coast  Inst,  of  Engrs. 

and  Shipbuilders.)    ( 1  ■ )  Serial  beginning  Feb.  14,  ending  Feb.  81. 
The  Armoured  Cruiser  Good  Hope*    (11)  Feb.  28. 
The  Russian  Battleship  Pobieda*    ( is)  Feb.  28. 
Water-Tube  Boilers.*    (Report  of  Committee  appointed  by  the  Admiralty  to  Inquire 

into  the  question  of  water-tube  boilers  for  the  Navy.)    (11)  Serial  beginning  Feb. 

28. 
La  Navigation  8ous-Marine.*    H.  Noalhat.    (36)  Serial  beginning  Feb.  26, 1001. 
Deformation  and  resistance  dee  coques  de  navire,  flexion  transversale.     H.  Chaigneau. 

(36)  Serial  beginning  Feb.  26, 1002. 

Mechanical. 

Improvements  in  the  Steam  Engine.*    W.  H.  Wakeman.    (41)  Serial  beginning  Jan., 
1901. 


Die  Forging .*   Joseph  Horner.    (11)  Serial  beginning  May  8. 1901,  ending  Feb.  14, 1902. 
The  Hydraulic  Brake.*    Robert  A.  Bruce.    (47)  Serial  beginning  May  11, 1901. 
Bevel-Gear  Cutting  Machines  at  Paris.*   Fred.  J.  Miller.    (47)  Serial  beginning  June  8, 


1001. 

Machinery  at  the  Pan-American  Exposition.*    (so)  Serial  beginning  July  18, 1901. 
Design  and  Construction  of  Machine  Tools.*    Thomas  R.  Shaw.    (47)  Serial  beginning 

July  28, 1901. 
Pneumatic  Tools  at  the  Glasgow  Exhibition.*    (n)  Serial  beginning  Aug.  28, 1901. 
The  Principles  and  Design  of  Modern  Drying  Plant.*    (13)  Serial  beginning  Oct.  4, 1901. 
Some  Typical  Experimental  Steam  Engine  Installations.*    W.  W.  F.  Puflen,  Assoc.  M. 

Inst.  C.  E.,  M.  I.  Mech.  E.    (47)  Serial  beginning  Oct.  26, 1901, 
Air  Motors.*    W.  C.  Popple  well,  Assoc.  M.  Inst.  C.  E.    (47)  Serial  beginning  Nov.  9, 1901. 
Machine  Tools  at  the  Glasgow  Exhibition.*    Fred.  Bathurst.     (36)  Serial  beginning 

Nov.  22, 1901. 
Hydraulic  Pumping  Machinery.*    Fr.  Froelich.    (11)  Serial  beginning  Dec.  6, 1901. 
Shaft  Fractures  Due  to  Oscillations  in  Direct-Coupled  Units  at  Critical  Speeds.    Julius 

Frith  and  Ernest  H.  Lamb.    (47)  Serial  beginning  Dec.  28, 1901 . 
Shrinkage  and  Pressure-Joints.*    William  Ledyard  Cathcart.    (6)  Jan. 
The  Pans  Motor  Car  Show.*    (13)  Serial  beginning  Jan.  8. 
Some  Notes  on  Steam  Turbines.*    F.  J.  Warburton.    (Paper  read  before  North-East 

Coast  Inst,  of  Engrs.  and  Shipbuilders.)    (1a)  Feb.  7. 
The  Bignall  &  Keeler  Duplex  Pipe  Machine.*    (ao)  Feb.  18. 
Gas  and  Gasoline  Engine  Ignition.    Albert  Stritmatter.    (63)  Serial  beginning  Feb. 

13,  ending  Feb.  20. 
Plate  Springs.*    (12)  Feb.  14. 
A  Well-Designed  Brass  Furnace.*    (40)  Feb.  14. 
Steam  Boilers  for  Electric  Power  Stations.    C.  E.  Stromeyer,  M.  I.  C.  E.    (Paper  read 

before  Manchester  Section  of  Inst,  of  E.  E.)  (47)  Feb.  16. 
Mechanical  Plant  of  the  Albany  Station  of  the  New  York  Central  &  Hudson  River  Rail- 
road Company.*    (14)  Feb.  16. 
Crude  Petroleum  as  Fuel.    Robert  P.  Skinner.    (19)  Feb.  16. 
New  Carburetted  Water  Gas  Plant  at  Oldham,  England.*  (Reprint  from  Journal  of  Gas 

Lighting.)    (34)  Feb.  17. 
A  Rotary  Brush  System  of  Feeding  Pulverized  Fuel  to  Furnaces.*    ( 13)  Feb.  20. 

*  Illustrated. 


CURRENT  ENGINEERING  LITERATURE.  115 

Mechanical— (Continued ) . 

Camming  Automatic  Screw  Machines.*    C.  L.  Goodrich.    (20)  Feb.  20. 

The  Crystal  Palace  TAotof  Car  Show.*    (1a)  Feb.  81. 

The  Dtirr  Water-Tube  Boiler  *    S.  J.  Thompson,    (aa)  Feb.  21. 

The  Working  Loads  for  Manila  Rope.*    C.  W.  Hunt.    (11)  Feb.  21. 

Appliances  Driven  by  Compressed  Air.*    W.  C.  Popplewell,  Assoc.  M.  Inst.  C.  E.    (47) 

Feb.  22. 
Central  Heating  &  Lighting  Plant  for  the  County  Buildings,  Indianapolis,  Ind.*    (14) 

Feb    22 

The  Efficiencies  of  Chain  Blocks.*    (47)  Feb.  22. 

Gas  and  Other  Internal  Combustion  Engines.*    Dugald  Clerk.    (Paper  read  before  In- 
stitution of  Engrs.  and  Shipbuilders  in  Scotland.)    (47)  Serial  beginning  Feb.  22. 
A  Mammoth  Sellers  Planer.*    (ao)  Feb.  27. 
The  Nutting  Automatic  Multiple  Spindle  Drill.*    (ao)  Feb.  27. 
Kuhn'8  Coal-Stamping  Machinery.*    (aa)  Feb.  28. 
Industrial  Motor  Cars  in  France.*    (ia)  Feb.  28. 
On  Explosions  of  Steam  Pipes  Due  to  Water-Hammer.*    C.  E.  Stromeyer,  M.  Inst.  C.  E. 

(11)  Feb.  28. 
The  Station  of  the  Independent  Electric  Light  and  Power  Co.,  San  Francisco,  Cal.*  (64) 

Mar. 
Evolution  of  the  Shaft  Governor.*    R.  C.  Carpenter.    (Paper  read  before  the  Engine 

Builders1  Assoc. )    (64)  Mar. 
Experiments  on  Spiral  Springs.    Chas.  H.  Benjamin  and  Roy  A.  French.    (Paper  read 

before  Am.  Soc.  M.  E.)    (35)  Mar. 
A  New  Tender  Draft  Casting  for  Friction  Draft  Gear.*    Frank  B.  Kleinhans.    (as)  Mar. 
The  BriquetUng  of  Fuels  and  Fine  Mineral  Ores.*    Wm.  Gilbert  Irwin.    (9)  Mar. 
Efficiency  of  Bituminous  Coal.    Harlan  J.  German.    (30)  Mar. 
Correcting  for  Variations  in  Indicator  Springs.*    A.  Koob.    (64)  Mar. 
Hampton  Boiler  Plant;  Description  of  a  New  Boiler  Plant  of  the  D.,  L.  &  W.  Coal  Mining 

Department  at  Scran  ton.  Pa.*    (45)  Mar. 
Horse-power  of  Belting  and  Pulleys  *    E.  C.  De  Wolfe.    (64)  Mar. 
Lubrication  of  Machine  Tools;  Requirements  in  Locating  Oil  Holes.*    (41)  Mar. 
Steam  Hoisting  Engines.*    (41)  Mar. 
A  New  Valve  Gear  for  Gas,  Steam  and  Air  Engines.*    Ernest  W.  Naylor.    (Paper  read 

before  Am.  Soc.  M.  E.)    (41)  Mar. 
Steam  Carriages.*    (46)  Mar.  1. 
Gasoline  Automobiles.*    (46)  Mar.  1. 
Electric  Vehicles.*    ( 46 )  Mar.  1 . 
The  Packard  Gasoline  Touring  Car.    (46)  Mar.  1. 
The  New  Light  Panhard-Levassor  Automobile.*    (10)  Mar.  1. 
Distributing  Artificial  Gas  at  High  Pressure  in  a  Suburban  Locality.*   George  F.  Good- 

now.    (Paper  read  before  New  England  Assoc,  of  Gas  Engrs.)    (94)  Mar.  8. 
Traction  on  Wagon  Roads.*    Ira  O.  Baker,  M.  Am.  Soc.  C.  E.    (13)  Mar.  6. 
Modern  Steam  Engine  Practice  Abroad.*    Frank  C.  Perkins.    (6a)  Mar.  6. 
Possible  Improvements  in  the  Gas  Engine.    (6a)  Mar.  6. 
Improved  Blowers  for  Gas  Producers.*    (ao)  Mar.  6. 
Ore  Handling  at  Furnaces.    Waldon  Fawcett.    (46)  Mar.  8. 
The  Table  Photometer  and  the  Standard  Pentane  Lamp.    (Abstract  from  the  Journal 

of  Gas  Lighting.)    (24)  Mar.  10. 
Etude  des  Machines  a  vapeur  par  le  Diagramme  Entropique.    J.  Boulvin.    (37)  Serial 

beginning  Mar.,  1901. 
Condenseurs  par  Melange  et  Pompes  a  Air.*     Joseph  Nadal.    (37)  Serial  beginning 

June,  1901. 
Les  Moteurs  a  Gaz  des  Hauts  Fourneaux.    Jules  Deschamps.    (37)  Serial  beginning 

July,  1901. 
Essai  sur  la  Theorie  des  Moteurs  a  Gaz.    Jules  Deschamps.    (37)  Serial  beginning 

July,  1901. 
Apparells  de  Surete  des  Chaudleres  a  Vapeur.    Francois  Sinigaglia.    (37)  Serial  begin- 
ning July,  1901. 
Nouvelles  Voitures  a  Air  Comprime  de  la  Compagnie  Generate  des  Omnibus  a  Paris.*  G. 

BoSto.    (33)  Serial  beginning  July  13. 1901. 
Experiences  sur  une  Machine  a  Vapeur  de  MM.  Weyher  et  Richemond.  J.  Hirsch.  (37) 

Serial  beginning  Aug.,  1901. 
Application  du  principe  de  la  conservation  de  l'energie  au  f  onctlonnement  des  ventUateurs 

centrifuges.*    A.H.  Courtois.    (37)  Jan. 
Les  surchauffeurs  de  vapeur;  progres  recents  realises  dans  lew  construction .*  Maurice 

Miet.    (33)  Feb.  1. 
Machine  a  fabrlquer  les  vis.*    (33)  Feb.  8. 
VentUateurs  pour  hautes  preesions  mus  par  turbines  a  vapeur.*    A.  Rateau.    (33) 

Feb.  8. 
Note  sur  un  dispositif  simple  permettant  d'operer  un  bombe  theorique  sur  la  jante  des 

poulies  et  des  volants.*    (36)  Feb.  10. 
Pompes  centrifuges  a  haute  pression  avec  moteurs  electriques  et  turbines  a  vapeur.    A. 

Rateau.    (33)  Feb.  15. 
Nouveaux  Monte-Courroies  fixes  pour  transmissions.*    Henry  Mamy.    (33)  Feb.  15. 
Tours  verticaux  construits  par  les  ateliers  Ducommun,  a  Mulhouse.*    G.  Nardin.    (33) 

Feb.  22. 
La  vapeur  surchaufiTee,  de  1827  a  nos  jours.*    G.  Loffet.    (36)  Serial  beginning  F9b.  25. 

*  Illustrated. 
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Metallurgical* 

Iron  Foundries  and  Foundry  Practice  in  the  United  States.*  (1a)  Serial  beginning  Sept. 

87,  1901. 
Modern  Methods  of  Gold  Extraction.*    Walter  E.  Koch.    (58)  Jan. 
The  David  Copper  Process.*    (10)  Feb.  82. 
Some  Unsolved  Questions  of  Ore  Treatment;  A  Consideration  of  Some  of  the  Mechanical 

and  Other  Imperfections  in  Milling  Processes.*    O.  H.  Howarth.    (45)  Mar. 
Anaconda  Copper  Mining  Company's  New  Reduction  Works.*    ( 16)  Mar.  1. 
L'Epuration  des  Gaz  de  Haul  Fourneau.*   Jules  Deschamps.    (37)  Serial  beginning 

June,  1901. 
Lesi*emnt8progre8delam6tallurgie  du  fer  et  de  racier.*     L.  Gautier.     (34)  Serial 

beginning  Feb. 
Chargeuse  6lectrique,  systeme  Wellman,  pour  fours  Siemens-Martin.*    (33)  Feb.  15. 

Military. 

The  Evolution  of  Fire-Arms  and  Ordinance  and  Thalr  Relation  to  Advancing  Civilisation. 

Joseph  Wheeler.    (3)  Mar. 
Le  Materiel  d'Artillerie,*    (37)  Serial  beginning  Feb.,  1901. 

Mining. 

Notes  on  Mine  Hoisting  Engines.    Robert  Peele.    (6)  Jan. 

Dredging  for  Fine  Gold  inldaho  .*    Robert  Bell.    ( 16)  Feb.  15. 

The  Coos  Bay  Coal  Fields.*    Cleveland  Rockwell.    (16)  Serial  beginning  Feb.  15. 

Iowa's  Iron  Mine.*    S.  W.  Beyer.    (16)  Feb.  88. 

The  Universal  Colliery  Explosion.*    w.  Galloway,    (aa)  Feb.  98. 

Winding  from  Great  Depths.*    (aa)  Serial  beginning  Feb.  88. 

Mine  Motor  Traction.*    (45)  Mar. 

Mine  Explosions.    (45)  Mar. 

Underground  Compressed-Air  Mine  Plant;  the  Application  of  Compressed  Air  to  Rock 

Drills,  Pumps,  Hoisting  Engines,  and  Coal  Cutters.    Robert  Peele.    (45)  Mar. 
Conveying  Machinery  in  Coal  Mining.*    S.  Howard-Smith,  M.  Am.  Soc.  M.  E.    (10)  Mar. 
Electricity  in  Mining.*    George  H.  Gibson.    (16)  Mar.  1. 

Coal  Cutting  by  Machinery  in  British  Collieries.*    Sydney  F.  Walker.    (16)  Mar.  8. 
Les  nouveaux  fouoages  par  congelation.*   H.  Schmerber.    (33)  Serial  beginning  Jan. 

18,  ending  Feb.  1. 

Municipal. 

Oil  in  8treet  Construction.    (14)  Feb.  88. 

Asphalt  Paving  under  Municipal  Management.*    F.  E.  Puffer.    (60)  Mar. 

Cost  of  Building  Macadam  Roads  at  Port  Huron,  Mich.*     Frank  F.  Rogers.     (Abstract 

of  paper  read  before  Mich.  Eng.  Soc.)    (13)  Mar.  6. 
L'arrosementdelavolepubliqueaParis.*    E.  Bret.    (33)  Feb.  88. 

Railroad. 

Locomotive  Draft  Appliances,    (a*)  Serial  beginning  Oct.,  1901. 

The  New  Victoria  Station  at  Nottingham.*    ( 1 1 )  Serial  beginning  Nov.  15, 1901. 

The  Balancing  of  Locomotives,  w.  E.  Dalby.  (11)  Serial  beginning  Nov.  88,  1901; 
(47)  Serial  beginning  Nov.  88,  1901. 

Electric  Traction  on  Railways,    (ai)  Serial  beginning  Jan.,  ending  Feb. 

Compound  Tank  Locomotive,  Indian-Netherlands  Railway,  Java.*  (1a)  Serial  begin- 
ning Jan.  8. 

The  Bolster  Problem.    R.  P.  Lament.    (61)  Jan.  21. 

An  Automatic  Pressure  Retainer  for  Driver  Brakes  *    J.  E.  Muhlfeld.    (ai)  Feb. 

The  Relation  of  Energy  and  Motor  Capacity  to  Schedule  Speed  in  the  Moving  of  Trains 
by  Electricity.*    CaryT.  Hutchinson.    (4a)  Feb. 

American  Engineer  Tests  of  Locomotive  Draft  Appliances;  Tests  of  Locomotive  Stacks.* 
W.  F.  M.  Goes,    (as)  Serial  beginning  Feb. 

Egyptian  Experimental  Locomotives.*    <  1a)  Feb.  7. 

Report  of  the  New  York  State  Railroad  Commission  on  the  Park  Ave.  Tunnel  Collision. 


(13)  Feb.  18 
>ortai 


A  Portable  Accelerometer  for  Railroad  Testing.  F.  B.  Corey.  (Extract  from  paper 
presented  before  Am.  Soc.  M.  E.)    (15)  Feb.  14. 

By-pass  and  Starting  Valves,  A.  T.  &  S.  F.  Four  Cylinder  Tandem  Compound.*  (40) 
Feb.  14. 

British  and  French  Train  Services  in  1901.  Charles  Rous- Marten.  (1a)  Serial  beginning 
Feb.  14,  ending  Feb.  81. 

Compound  Consolidation  Locomotive,  M.,  St.  Paul  and  S.  Ste.  M.  Ry.*    (18)  Feb.  15. 

Electric  Headlights  on  the  Chicago,  Milwaukee  &  St.  Paul  Ry.*    (18)  Feb.  15. 

Kinsman  Block  System  for  Control  of  Railway  Trains.*    (37")  Feb.  15. 

Test  of  an  Automatic  Air-Safety  Valve  by  the  Pennsylvania  Lines.*    (18)  Feb.  15. 

The  Cincinnati  Southern  Ry.  and  Its  Improvements.*    (13)  Feb.  80. 

Express  Engines,  Furness  Railway.*    (1a)  Feb.  21. 

The  Morrison  Automatic  Air  Safety  Valve.*    (40)  Feb.  21. 

The  Miller  Locomotive  Cab  Signal.*    (15)  Feb.  81. 

Notes  on  the  Wear  of  Journals.*  David  Van  Alstine.  (Reprinted  from  Proc.,  North- 
West  Ry.  Club.)    ( 15)  Feb.  21. 

*  Illustrated. 
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Railroad— (Continued). 

The  Design  and  Construction  of  Railway  Carriages  In  India.*   C.  F.  Bamford,  Assoc. 

M.  Inst.  C.  E. )    ( 1 1)  Serial  beginning  Feb.  21. 
Self  Turning  Snow  Plow  on  the  Delaware,  Lackawanna  &  Western  R.  R.*    (18)  Feb.  88. 
Baldwin  Compound  Consolidation  Locomotive  for  Southern  Pacific  Company.*    (18) 

Feb.  82. 
Test  of  a  Ball  Bearing  Car  Journal  on  the  Fitchburg  Electric  By.*    (18)  Feb.  88. 
Balancing  of  Locomotive  Engines.    (ia)  Feb.  88. 

A  Baldwin  Four-Cylinder  Balanced  Compound  for  the  Plant  System.*    (15)  Feb.  88. 
Santa  F6  Combination  Steel  and  Wood  Box  Car,  80  000  Pounds1  Capacity.*     (40) 

Feb.  28. 
The  New  York  Central  Box  Car.*    (40)  Feb.  28. 

80  000-lb.  CapacityBox  Car;  New  York  Central  &  Hudson  River  Railroad  *    (a*)  Mar. 
Compound    Ten-Wheel    Passenger    Locomotive;    Vauclain  Four-Cylinder  Balanced 

System.*    (as)  Mar. 
Modern  French  Locomotive  Practice.*    Charles  Rous-Marten.    (10)  Mar. 
The  Differentiation  of  the  American  Locomotive.    J.  C.  Bayles.    (ao)  Mar.  6. 
Some  Factors  Affecting  the  Power  of  Locomotives.*    W.  F.  M.  Goss,  M.  Am.  Soc.  M.  E. 

(Paper  read  before  Mew  England  R.  R.  Club.)    (13)  Mar.  6. 
The  Construction  of  the  Aspen,  Wyoming,  Tunnel  on  the  Union  Pacific  Railroad.*    W. 

P.  Hardesty.    (13)  Mar.  6. 
The  Vauclain  Four-Cylinder  Balanced  Compound  for  the  Plant  System.*    (40)  Mar.  7. 
Baldwin  80  000th  Locomotive,  10- Wheel  Compound,  for  the  Plant  System.    (18)  Mar.  8. 
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SUBWAY  AND  TUNNEL,  PHILADELPHIA,  PA. 
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HlSTOBY,    AND    SEWEB  CONSTBTJCTION. 

The  early  history,  and  the  construction  of  the  sewers,  connected 
with  the  work  of  abolishing  grade  crossings  on  Pennsylvania  Aye.,  in 
the  City  of  Philadelphia,  by  what  is  known  as  the  Pennsylvania  Ave. 
Subway  and  Tunnel,  has  already  been  described  by  the  writers.* 

It  is  the  purpose  of  this  paper  to  take  up  the  subject  where  the 
description  was  left  off  in  the  previous  paper,  and  to  present  such 
features  of  the  completion  of  the  work  as  it  is  hoped  may  be  of  inter- 
est to  the  profession. 

Genebal  Description  of  the  Wobk. 

The  following  is  a  concise  description  of  the  work  as  a  whole: 

Beginning  at  the  south  end  of  the  old  bridge  over  Callowhill  St., 

below  Twelfth  St.,  the  grade  begins  to  fall  toward  the  west  at  the 

Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mall  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers  with  discussion 
in  full  will  be  published  in  Transactions. 

*  Transactions,  Am.  Soc.  C.  E.,  vol,  zliv,  page  1. 
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rate  of  1.46  ft.  per  hundred  to  Twelfth  St.  Between  these  points  there 
is  an  iron  viaduct  whieh  has  been  lowered  from  a  higher  elevation  to  meet 
the  change  in  grade.  A  new,  steel,  half- through,  plate-girder  span, 
with  two  main  girders,  at  28£-f t.  centers,  and  with  a  solid  steel  floor  at 
right  angles  to  them,  crosses  Twelfth  St.,  and  the  grade  of  the  Btreet  is 
slightly  lowered  so  as  to  give  13  ft.  headroom.  From  this  point  the 
grade  descends  at  the  rate  of  2.5  ft.  per  hundred  to  the  west,  meeting 
the  subway  level  west  of  the  line  of  Broad  St.     See  Fig.  1. 

After  crossing  Twelfth  St.,  the  tracks,  two  in  number,  are  sup- 
ported upon  earth  filling  between  masonry  retaining  walls.  At  Thir- 
teenth St.  the  most  serious  street  change  of  grade  occurs.  On  account 
of  the  rapidly  descending  grade  of  the  tracks,  the  new  level  of  the 
tracks  would  about  cross  the  old  level  of  Thirteenth  St.  at  grade.  In 
order  to  avoid  this  crossing  it  was  necessary  to  depress  Thirteenth  St. 
about  13.5  ft.  under  the  tracks,  and  run  out  to  the  present  grade  at 
Nectarine  St.  on  the  north  and  at  Carlton  St.  on  the  south.  This  also 
changed  the  grades  of  Callowhill,  Button  wood  and  Hamilton  Sts.,  all 
of  which  run  east  and  west. 

On  the  south  side  of  Noble  St.,  east  of  Thirteenth  St.,  a  coal  yard  of 
the  Philadelphia  and  Beading  Bailway  Company  was  lowered  to  the 
new  grade  of  Thirteenth  St.,  trestles  were  built  in  the  yard,  and  track 
connections  made  from  the  tracks  on  Noble  St.  over  the  bridge  at 
Thirteenth  St.     (See  Contract  12.) 

At  Thirteenth  St.  the  new  freight  yard  of  the  railroad  company 
commences.  This  extends  from  Callowhill  St.  to  Noble  St.,  and  from 
Thirteenth  St.  nearly  to  Sixteenth  St.,  and  contains  the  new  freight 
buildings  (Contract  15),  situated  between  Thirteenth  and  Broad  Sts. 
At  Broad  St.  the  subway  is  about  25  ft.  below  the  street  level,  and  this 
depth,  generally,  continues  to  the  west. 

The  Baldwin  Locomotive  Works,  which  are  situated  on  the  north 
side  of  the  subway,  between  Broad  and  Fifteenth  Sts.,  are  connected 
with  the  depressed  tracks  by  means  of  a  side  track  on  a  b%  grade. 
On  the  south  side  a  driveway,  on  a  5%  grade,  connects  the  subway 
yard  with  Callowhill  St.,  and  a  second  5%  grade  connects  the  yard 
tracks  with  the  high-level  yard  tracks  in  front  of  the  warehouse  at 
Sixteenth  St. 

On  Broad  St.,  the  change  of  street  grade  at  the  north  end  of  the 
bridge  was  about  4.5  ft.     This  was  necessary  in  order  to  give  a  clear- 
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ance  of  18  ft.  over  the  main  trackB.  The  railroad  clearances  through- 
out, with  this  single  exception,  are  20  ft.  over  the  main  tracks  and  at 
least  15  ft.  over  all  side  and  yard  tracks.  Broad  St.  is  the  first  street 
to  cross  over  the  subway.  All  streets  to  the  west,  as  far  as  and  includ- 
ing Twenty -first  St.,  are  carried  oyer  by  means  of  steel  bridges  of 
plate-girder,  deck  type.  Between  Twenty-first  and  Twenty-seventh 
Sts.  the  streets  cross  the  tunnel;  beyond  Twenty-seventh  St.  the  only 
means  of  crossing  is  by  foot-way  bridges,  Fairmount  Park,  with  no 
avenues,  being  on  the  south. 

The  original  plans  contemplated  the  erection  of  a  large  commercial 
coal  conveyor  for  the  retail  coal  trade,  located  on  the  south  side  at 
Fifteenth  St.  This  was  abandoned,  and  a  small  coal  yard  constructed 
in  its  place.  The  original  structure  was  covered  by  Contract  18;  the 
coal  yard,  by  Contract  49. 

At  Sixteenth  St.,  in  addition  to  the  highway  bridge  crossing  the 
subway,  a  bridge  on  the  street  level  is  provided  to  cross  from  the  rail* 
road  yard  at  Sixteenth  and  Hamilton  Sts.  to  a  large  warehouse  owned 
by  the  Philadelphia  and  Beading  Railway  Company,  and  also  to  pro- 
vide connection  to  the  coal  yard  at  Fifteenth  St.  It  is  connected  with 
the  subway  tracks  by  means  of  the  5%  grade  already  referred  to.  At 
this  point  the  subway  narrows  down  to  the  bed  of  Pennsylvania  Ave.* 
80  ft.  between  house  lines.  In  some  cases,  between  this  point  and 
Twentieth  St.,  the  retaining  walls  on  either  side  are  built  under  the 
fronts  of  the  buildings,  the  wall  being  on  private  property.  In  others, 
the  wall  is  placed  about  15  ft.  from  the  building  line,  and  is  entirely 
within  the  bed  of  the  street.  Provision  is  thus  made  for  four,  and  in 
some  cases  six,  tracks  between  the  retaining  walls. 

Between  Sixteenth  and  Seventeenth  Sts.  on  the  north  is  situated 
the  works  of  William  Sellers  and  Company,  Inc. ;  on  the  south,  at  the 
time  the  work  was  started,  was  located  the  works  of  A.  Whitney  and 
Sons.  The  first  provision  for  access  to  these  properties  was  by  means 
of  a  hydraulic  lift  (Contracts  20  and  40),  located  on  the  south  side  of 
the  avenue,  connection  being  made  to  the  north  by  means  of  an  over- 
head bridge.  The  lift  has  been  abandoned,  the  railway  company  has 
purchased  the  Whitney  property,  and  the  connection  to  the  works  of 
William  Sellers  and  Company  has  been  made  by  means  of  a  5.5%  grade 
on  the  south  side  and  an  overhead  bridge  into  their  works  (Contract 
44). 
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The  Baldwin  Locomotive  Works  occupy  the  property  on  the  north 
side  of  the  avenue,  between  Seventeenth  and  Eighteenth  Ste.  Con- 
nection is  made  by  a  siding,  on  a  5%  grade,  leaving  the  level  of  the 
subway  west  of  Eighteenth  St.  On  the  south  side  there  is  no  railroad 
connection. 

Between  Eighteenth  and  Nineteenth  Sts.  there  are  no  properties 
with  railroad  connections.  A  driveway,  on  steel  construction,  is 
provided  for  street  purposes  at  the  east  end  of  the  block  on  the  north 
side. 

The  Twentieth  St.  Elevator  of  the  Philadelphia  Grain  Elevator 
Company  is  situated  on  the  south  side  between  Nineteenth  and  Twen- 
tieth Sts.,  and  the  works  of  Stanley  G.  Flagg  and  Company  on  the 
north.  The  original  plans  provided  for  access  to  these  plants  by  means 
of  a  hydraulic  lift  and  a  bridge  similar  to  that  at  Seventeenth  St. 
This,  however,  was  abandoned;  a  ±%  grade  was  made  connecting  with 
the  grain  elevator,  and  a  connection  to  flagg  and  Company  was  made 
from  the  subway  level  (Contract  41).  In  this  latter  case  the  owners 
have  erected  upon  their  own  property  a  lift  capable  of  raising  a  single 
car;  the  City  and  the  railway  company  constructing  the  necessary 
retaining  walls,  making  all  excavation,  reconstructing  the  buildings, 
and  making  the  track  connection. 

The  railway  company  owns  the  property  between  Pennsylvania 
Ave.  and  Hamilton  St.  and  between  Twentieth  St.  and  the  intersection 
of  Hamilton  St.  and  Pennsylvania  Ave.  This  space  was  formerly 
occupied  by  a  freight  yard,  and  by  engine-houses  and  a  repair  shop. 
It  has  been  excavated  to  the  level  of  the  subway,  and  an  engine-house, 
freight-house,  and  repair  shop  (Contract  25)  has  been  built,  also  a 
locomotive  coaling  station  (Contract  26),  a  50-ton  electric  crane  (Con- 
tract 27),  and  an  engine  turn-table.  Twenty-first  St.  crosses  this  yard 
by  means  of  a  plate-girder,  deck  bridge. 

On  the  south  side  of  the  yard  is  the  plant  of  Messrs.  Bement,  Miles 
and  Company,  reached  by  connections  made  at  the  subway  level 
between  Twentieth  and  Twenty-first  Sts.  The  Knickerbocker  Ice 
Company's  plant,  on  the  south  side,  west  of  Twenty-first  St.,  is  reached 
by  means  of  a  h%  grade. 

At  the  west  end  of  this  yard,  the  tunnel  (Contract  33)  begins,  and 
extends  for  a  distance  of  2710.42  ft.  It  provides  for  four  tracks.  On 
emerging  from  the  tunnel,  the  portal  of  the  Baltimore  and  Ohio  tunnel 
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is  passed,  some  263  ft.  to  the  west,  and,  following  the  grade  of  the 

Baltimore  and  Ohio  traoks,  which  is  1.3%,  the  present  grade  is  reached 

at  Thirtieth  St.,  the  end  of  the  work,  and  10  000  ft.  from  the  starting 

point. 

Alignments  and  Grades. 

Beginning  at  Oallowhill  St.,  below  Twelfth  St.,  and  at  Station  1, 

the  alignment  is  as  follows: 

Station  1.      P.  O.  C.  to  left.  Radius  395.37  ft. ,  for  54P  59'  50' . 

Station     5  +  65.1    P.  O.  C.  to  left.    Radius  536. 68  ft.,  for  18° 29'  10\ 

Station     7  +  38.27  P.  T.   Tangent  running  west  in  Pennsylvania 

Ave. 

Station   44+  20.9   P.  G.  (5°  curve  to  right).    Radius  1143.42  ft., 

for  36°  16'  56". 

Station   51  +  44.97  P.  O.  O.    Radius  13189.127  ft,  for  4°  44'  26'. 

Station   62  +  36.22  P.  T. 

Station    73  +  82.11  P.  C.  to  left.    Radius  5716.36  ft.,  for  3°  24' 47". 

Station    77 +  22.58  P.  T.  ... 

Station   97  +  56.66  P.  O.  to  right.     Radius  1270.89  ft.,  for  22°  0'. 

Station  100  Connection  with  old  tracks.       ' 

The  grades  are  shown  in  Table  No.  1. 

TABLE  No.  1. 


Station. 


0 
0 
6 
16 
388 
24 
86 
40 
61 
78 
97 


96.99 

44.71 

89.21 

WftR     ' 

91.66 

71.87 

74.21. 

89.68 

98.60 

00      


Elevation. 


57.88 
67.88 
60.81 
22.20 
16.40 
16.40 
20.00 
20.00 
16.00 
18.02 
44.02 


Bats. 


0.00 

—  1.46 

—  2.5 

—  0.924 
0.0 

+  0.806 
0.0 

—  0.876 
+  0.078 
4-1.80 
+  0.888 


To  Station. 

OH 

H96\» 

5h 

[-44.71 

16- 

-89.21 

28- 

h  16.65 

24- 

-91.65 

86- 

-71.87 

40- 

-74.21 

51- 

-89.58 

76- 

-96.50 

97- 

-00 

100  H 

^00 

Elevation. 


57.88 
50.81 
22.20 
16.40 
16.40 
20.00 
20.00 
16.00 
18.02 
44.02 
46.52 


Division  into  Contracts. 

In  the  spring  of  1896  it  was  decided  to  advertise  for  bids  for  as 
much  of  the  work  as  possible,  and  it  was  therefore  divided  into  con- 
tracts arranged  so  as  to  enable  it  to  be  attacked  from  the  greatest 
number  of  points  at  one  time  without  interference,  and  at  the  same 
time  divide  it  so  that  work  requiring  special  skill  in  its  execution 
could  be  separated  from  the  rest  in  order  that  the  number  of  sub-con- 
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tractors  would  be  reduced  to  a  minimum.     The  following  is  a  list  of 

the  contracts  into  which  the  work  was  divided:* 

Contracts  1  to  6 Sewers. 

Contract   7 Test  pits. 

Contracts  8  and  10.  .Removing  old  buildings. 

Contract   9 Removing  surplus  material. 

Contract   11 Temporary  tracks. 

Contract    12 Work  of  construction  east  of  Thirteenth  St. 

Contract    18 Retaining  walls  from  Thirteenth  to  Sixteenth  Sts. , 

except  on  the  north  from  Broad  to  Sixteenth 

Sts. 
Contract    14. Excavation  of   the  core  between  the  retaining 

walls,   and  the  construction  of  bridges  from 

Thirteenth  St.  to  the  east  tunnel  portal. 

Contract    15 Freight-houses  between  Broad  and  Thirteenth  Sts. 

Contracts  16, 17, 19,  \ 

21  22  23  (.  staining  walls,  and  the  reconstruction  of  build - 

24  and  28*  I      "1^8  *rom  ^roftd  St.  to  the  east  tunnel  portal. 

Contract    18 Commercial  coal  conveyor,  Fifteenth  St. 

Contract    20 Hydraulic  lift  at  Seventeenth  St. 

Contract   25 Freight-house,   engine-house  and   repair   shop, 

Twentieth  St.  yard. 

Contract    26 Locomotive  coaling  station,  Twentieth  St. 

Contract    27 Electric  crane,  Twentieth  St.  yard. 

Contract   29 Subway  and  tunnel  from  the  east  tunnel  portal  to 

Thirtieth  St. 

Contract   30 Permanent  tracks. 

Contract    31 Interlocking  signal  plant. 

At  the  time  of  the  initial  preparation  of  this  list,  Contracts  1  to  10, 
inclusive,  had  been  executed,  and  most  of  them  completed.  Plana 
and  specifications,  therefore,  were  prepared  for  Contracts  11  to  31, 
inclusive,  the  work  covered  by  them  consisting  of  all  the  principal 
items  except  the  sewerage  system,  and  covering  the  new  buildings, 
track,  signal  system,  etc.,  required  by  the  Philadelphia  and  Reading 
Railroad  Company. 

Detailed  plans  of  the  freight  and  engine-houses  at  Thirteenth  and 
Twentieth  Sts.,  Contracts  15  and  25,  were  prepared  by  the  then  Chief 
Engineer  of  the  Railroad  Company,  Mr.  H.  K.  Nichols.  The  plans  for 
work  on  the  commercial  coal  conveyor,  hydraulic  lift,  locomotive  coal- 
ing station,  electric  crane  and  interlocking  signals,  were  not  prepared 
in  detail,  but  bids  were  asked  upon  general  plans  and  specifications, 
*  A  complete  list  of  the  contracts  is  shown  in  Table  No.  16,  appended  to  the  paper. 
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the  bidder  to  submit  his  detailed  plans  and  specifications  for  approval. 
AH  the  remainder  of  the  work  was  prepared  by  the  Bureau  of  Surveys, 
Department  of  Public  Works  of  the  City  of  Philadelphia,  and  approved 
by  the  Consulting  Engineer  of  the  Railroad  Company,  Joseph  M. 
Wilson,  M.  Am.  Soo.  C.  E. 

On  April  8th,  1896,  the  work  was  advertised,  and  May  12th  was  set 
as  the  time  for  the  receipt  of  bids.  It  was  thus  expected  that  an  ample 
opportunity  would  be  given  to  prepare  intelligent  bids  on  any  part  of 
the  work.  During  the  time  that  the  drawings,  whioh  numbered  164, 
were  on  exhibition,  twenty-one  contractors  received  prints  which 
were  prepared  for  their  accommodation. 

On  May  12th,  1896,  eighty-seven  separate  proposals  were  received 
from  twenty-one  different  bidders,  and  the  bids  were  scheduled  and 
reported  to  the  Director  of  the  Department  of  Public  Works. 

The  sum  of  the  lowest  bids  received  on  this  date  amounted  to 
$3  817  961.84. 

Studies  for  RaujBoad  Connections. 

The  method  of  making  connections  to  the  various  industrial  es- 
tablishments along  the  line  of  Pennsylvania  Ave.  was  one  of  the  most 
difficult  problems  in  the  design  of  the  work.  The  usual  block  distance 
between  cross-streets  is  896  ft. ,  and  the  elevation  to  be  overcome  is 
from  25  to  30  ft.  This  made  it  very  difficult  to  make  connections, 
with  moderate  grades  leading  to  the  subway,  without  interfering  with 
the  grades  of  the  intersecting  streets. 

Among  the  methods  considered  was  the  use  of  the  rack-rail  system 
with  grades  of  10  and  12  per  cent.  Studies  were  prepared  for  the 
connections  to  the  following  points  on  the  upper  level,  using  this  sys- 
tem, viz.: 

Warehouse  at  Sixteenth  St. 

William  Sellers  and  Company,  and  Whitney,  between  Sixteenth 

and  Seventeenth  Sts. 
Baldwin  Locomotive  Works,  between  Seventeenth  and  Eighteenth 

Sts. 
Baldwin  Locomotive  Works,  between  Broad  and  Fifteenth  Sts. 
Philadelphia  Grain  Elevator,  and  Flagg  and  Company,  between 

Nineteenth  and  Twentieth  Sts. 
Knickerbocker  Ice  Company,  west  of  Twenty-first  St. 
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During  the  preparation  of  the  plans,  expert  opinions  were  obtained 
from  representative  locomotive  builders,  and  from  the  Engineer  of  the 
Abt  Back-Bail  System  in  America.  It  was  considered  that  heavy 
traffic,  such  as  there  is  on  Pennsylvania  Ave.,  could  be  handled  to  ad- 
vantage on  a  10%  grade  fitted  with  a  rack-rail. 

The  locomotive  could  be  built  so  that  it  could  be  used  on  level 
tracks  and  oh  easy  grades  by  adhesion,  but  have  supplemental  cylin- 
ders and  cog  wheels  engaging  in  the  rack  where  the  10%  grades 
occurred.  On  a  10%  grade  a  looomotive  would  have  sufficient  power 
to  haul  its  own  weight  up  the  grade,  and,  in  addition,  a  load  equal  to 
its  own  weight.  By  the  addition  of  supplemental  cylinders  and  cog 
wheels  it  would  be  possible  to  increase  its  power  fourfold  and  more. 
The  type  of  switching  engine  in  use  by  the  Philadelphia  and  Beading 
Bail  way  Company,  weighing  about  57  000  lbs.,  with  slight  modifica- 
tions, could  be  made  to  haul  about  100  tons  of  cars  and  lading  up  a 
straight  10%  grade.  The  cost  of  fitting  up  a  looomotive  with  the 
necessary  machinery  for  operating  on  the  rack-rail  was  said  to  be  from 
*2  500  to  $4  000,  depending  upon  the  details  of  the  plan  adopted. 

The  cost  of  fuel  and  stores  would  be  slightly  increased,  but  proba- 
bly not  more  than  from  15  to  20  per  cent.  The  additional  cost  of 
repairs  was  estimated  at  from  $500  to  91  000  per  annum  per  locomotive 
for  the  machinery  for  operating  in  connection  with  the  rack. 

The  cost  of  the  rack-rail  for  a  single  connection  (say  200  ft.)  would 
be  about  $2  600,  including  all  appurtenances,  and  its  life,  as  far  as 
known,  is  very  great. 

As  far  as  safety  is  concerned,  the  rack-rail  on  a  10%  grade  would 
be  safer  than  a  5%  grade  without  the  rack,  as  the  rack  affords  a  means 
of  controlling  the  load  independent  of  the  brakes.  The  rack-rail 
would  in  no  way  interfere  with  running  standard  cars  over  the  tracks. 

On  such  a  system  curves  are  especially  to  be  avoided,  if  possible, 
and  as  long  a  radius  should  be  used  as  circumstances  will  permit. 
Back -locomotives  have  been  built  to  operate  on  a  grade  of  33%  com- 
bined with  a  curve  of  398  ft.  radius. 

One  of  the  four-wheeled  Beading  shifters  in  use  to-day  could  be 
remodeled  so  as  to  haul  a  load  of  three  or  four  loaded  cars  up  a  10% 
grade  fitted  with  a  rack-rail,  assuming  each  car  to  weigh  30  gross  tons. 

The  principal  reasons  advanced  for  the  use  of  the  rack-rail  were  as 
follows: 
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1st.  On  account  of  the  steep  grades  used,  the  length  of  the  connec- 
tion is  very  much  reduced,  thus  largely  decreasing  the  cost  of  the  work 
of  construction,  and  also  damages  to  adjoining  property. 

2d.  At  many  points  it  would  have  made  it  possible  to  connect  with 
existing  tracks  on  private  property  at  their  original  level,  instead  of 
requiring  a  change  of  grade,  with  consequential  damages. 

3d.  The  present  locomotives,  with  comparatively  little  expense, 
could  be  altered  to  suit  the  rack-rail;  and  the  first  cost  of  the  rack- 
rail  itself  is  comparatively  small. 

4th.  The  use  of  the  rack-rail,  even  under  disadvantageous  circum- 
stances, was  found  to  result  in  a  very  considerable  saving  throughout 
the  entire  line. 

The  studies  thus  prepared  did  not  meet  the  approval  of  the  Phila- 
delphia and  Beading  Railway  Company,  nor  did  they  obtain  the 
approbation  of  a  large  industrial  establishment  which  at  first  was  in 
favor  of  the  plan.  It  was  therefore  abandoned,  and  the  connections 
were  made  with  h%  adhesion  grades,  together  with  the  power  lifts 
which  have  been  referred  to,  and  which  in  their  turn  were  also  aban- 
doned, leaving  ail  connections  with  the  f>%  grades,  or  direotly  from 
the  subway  level. 

Sale  of  the  Philadelphia  and  Reading  Railboad. 

On  September  23d,  1896,  all  the  property  of  the  Philadelphia  and 
Reading  Railroad  Company  was  sold  at  auction,  at  Thirteenth  and 
Cailowhill  Sts.,  the  City  of  Philadelphia,  among  others,  protesting. 

All  the  liabilities  of  the  Philadelphia  and  Reading  Railroad  Com- 
pany, in  so  far  as  they  related  to  the  work  on  the  subway,  were  as- 
sumed by  the  purchasers,  the  newly  organized  company  taking  the 
name  of  the  Philadelphia  and  Reading  Railway  Company. 

Tempobaby  Traces. 

Resides  the  local  freight  business  of  the  Philadelphia  and  Reading 
Railroad  Company  to  the  industrial  establishments  on  Pennsylvania 
Ave.,  it  was  necessary  to  operate  the  freight  yards  at  Broad  St.  and  at 
Front  and  Willow  Sts.,  on  the  Delaware  River,  reached  by  way  of 
Pennsylvania  Ave.  and  Noble  St.  In  order  to  provide  for  a  continu- 
ance of  this  business,  and  at  the  same  time  to  construct  the  subway,  it 
was  necessary  to  lay  temporary  tracks  on  Hamilton  St.  from  Tenth 
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St.  to  Pennsylvania  Ave.  and  Twenty-second  St.,  and  on  Pennsylvania 
Ave.  from  Twenty-second  St.  to  Thirtieth  St.  The  railroad  company 
formerly  had  fonr  tracks  on  Pennsylvania  Ave. 

On  August  10th,  1896,  the  work  of  constructing  the  tracks  on  Ham- 
St.  between  Tenth  and  Twenty -first  Sts.  was  begun,  the  tracks 
being  laid  with  new  material.  The  street  paving  was  removed  and 
stored  for  future  use,  but  a  large  portion  of  it  was  of  cobble,  which  was 
never  relaid.  The  subgrade  was  excavated  so  as  to  bring  the  top  of 
the  rail  about  level  with  the  curb.  Broken  stone  or  approved  slag 
ballast  to  a  depth  of  6  ins.  was  placed  beneath  the  ties,  which  were  of 
white,  rock  or  chestnut  oak,  or  yellow  pine  of  good  quality.  The  two 
ties  at  each  joint  were  first-class,  8J  ft.  long,  7  ins.  thick,  and  not  less 
than  7  nor  more  than  14  ins.  on  the  broadest  face.  The  remainder 
could  be  second-class,  in  which  the  face  was  not  less  than  6  ins. 
Interlaced  ties  were  used  for  all  turn-outs  and  cross-overs.  Fourteen 
ties  were  used  to  each  30-f  t.  rail. 

All  new  rails  were  of  the  Philadelphia  and  Beading  standard  79-lb. 
section.     The  chemical  composition  was  specified  as  follows: 

Carbon 0.55  to  0.60 

Silicon 0.15  to  0.20 

Manganese 1 .  10  to  1 .30 

Sulphur 0.069 

Phosphorus 0.06 

Bails  having  carbon  below  0.53  or  above  0.65  were  re- 
jected. 

The  drop-test  required  that*one  test  be  made  from  each  heat,  and 
that  90%  of  the  specimens  must  stand  without  breaking  under  a 
weight  of  2  000  lbs.  with  a  20- ft.  drop,  and  with  the  rail  supported  3 
ft.  between  centers. 

It  was' the  intention,  in  specifying  this  quality  of  rail,  to  take  it  up 
upon  the  completion  of  the  temporary  tracks,  and  use  it  for  sidings 
and  yard  tracks  in  the  permanent  work,  if  it  passed  the  physical 
inspection  after  being  in  service. 

Most  of  the  industrial  establishments  backing  on  Hamilton  St. 
were  connected  to  this  temporary  track  system.  At  Sixteenth  St.  a 
connection  was  made  with  the  tracks  in  Callowhill  St.,  terminating  in 
temporary    freight-houses   at  Thirteenth  and  Callowhill  Sts.,  and 
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arranged  bo  as  to  occupy  only  half  of  the  block  between  Broad  and 
Thirteenth  Sts. 

West  of  Twenty-first  St.,  Pennsylvania  Ave.  was  widened  on  the 
south  aide  aa  far  west  as  Twenty-fifth  St.,  to  provide  for  the  new 
alignment  of  the  tunnel,  and  between  Twenty -second  and  Twenty-fifth 
Sta.  the  old  tracks  were  shifted  to  the  south.,  so  as  to  allow  the  north 
abutment  of  the  tunnel  to  be  constructed.  After  the  north  tunnel  wall 
was  built,  the  tracks  were  shifted  to  the  north  side  of  the  wall,  where 
they  remained  until  traffic  was  running  on  the  permanent  tracks 
through  the  tunnel. 

It  was  the  intention  to  uae  as  much  of  the  old  rail  as  was  possible 
in  the  construction  of  the  temporary  tracks,  and,  therefore,  prices 
were  asked  in  the  proposal  for  doing  the  various  classes  of  work,  as 
given  in  Table  No.  2. 

At  street  orosaings  and  other  places  where  the  tracks  were  crossed 
by  teams  or  foot  traffic  the  tracks  were  planked  with  3-in.  yellow 
pine  planking  on  1-in.  blocking  over  the  ties,  so  as  to  form  a  passage- 
way. 

TABLE  No.  2.— Prices.    Tbkporabt:  Tracks.    Contract  11. 


New  material  throughout 

Second  -hand  mils.  u<—  u<* 

Old  rails,  all  olbw  material  new 

Old  raili  and  ilw.  other  imMrlal  ne» 

New  frog  and  nrttch.  .. 

New  single  and  double  nUi.  nwitcnm. 

New  eroaBlngB — ■team  or  trolley 

Old  twitches,  op-  I  lee  and  ballaat 

Old  aingle  or  double  aUp-awltchee 

Old  crossings 

Lumber  for  plank  In  g  ... 

Temporary  freight  sb«iii. 

Shifting  trolley  track*. 

Drainage,  and  removing  i>h1  buildings. . . 


a.oo  per  M,  ft.  B.  M. 
1.%  per  linear  foot. 


All  track  work  was  made  and  paid  for  by  the  linear  foot,  measure- 
ment being  made  once  by  passing  through  switches  on  the  main  track, 
and  again  by  starting  from  the  point  of  the  switch  and  measuring  out 
on  the  turn-out. 

The  contract  was  awarded  to  P.  McManue,  and  the  work  was 
carried  on  as  the  progress  of  the  work  on  the  subway  demanded.  It 
was  completed  on  June  12th,  1898.     In  all,  49  933  ft.  of  track  of  all 
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grades  were  laid,  194  switches  and  crossings  were  placed  in  the  line, 
and  the  total  amount  paid  to  the  contractor  was  $144  028.99. 

Retaining  Walls  and  Underpinning. 

Immediately  after  work  was  begun  upon  the  temporary  tracks,  the 
several  contractors  for  the  underpinning  of  buildings  and  the  construc- 
tion of  retaining  walls  between  Thirteenth  St.  and  the  east  portal  of 
the  tunnel  were  ordered  to  begin  work.  This  work  was  divided  into 
nine  contracts,  numbered  as  follows,  13,  16,  17,  19,  21,  22,  23,  24  and 
28,  and  each  contract  generally  embraced  the  work  between  two 
adjacent  cross-streets,  that  is,  from  the  west  house  line  of  one  street 
to  the  west  house  line  of  the  next,  and  on  both  sides  of  the  avenue, 
and  included  the  adjustment  of  the  buildings  and  the  construction  of 
the  retaining  walls.  Each  contract  also  covered  both  bridge  abut- 
ments on  the  street  to  the  west. 

The  first  operation  was  either  to  underpin  the  walls  of  the  adjacent 
buildings  or  to  reconstruct  their  fronts.  The  method  used  was  shown 
on  the  contract  drawings  for  each  side  of  the  avenue.  These  draw- 
ings usually  were  three  in  number,  showing  as  follows: 

1st.  The  conditions  existing  before  any  work  was  done. 

2d.  Any  temporary  work  which  was  necessary. 

3d.  The  work  as  it  was  to  be  completed. 

Table  No.  4  is  a  list  of  the  buildings  adjacent  to  the  work,  giving 
the  method  of  treatment. 

TABLE  No.  3. 


Between  streets. 

Side. 

Name  of  building. 

Treatment. 

Broad  to  15th 

15th  to  16th 

North. 
North. 
South. 
North. 
South. 
North. 

14 

South. 
North. 
South. 
North. 
South. 

South. 

Baldwin  Locomotive  Works. 

Four-story  machine  shop. 

Six-story  warehouse. 

Large  machine  shop. 

Oar-wheel  foundry. 

Baldwin  Locomotive  Works, 
tt                tt                tt 

No  buildings. 
Spring  works. 
Bow  of  small  dwellings. 
Foundry  and  shop. 
Grain  elevator. 

Machine  shops  and  foundry. 

None  required. 
Reconstruction. 

u      it    it 

Underpinning. 
Underpinning. 
Underpinning. 
Underpinning. 
"RftCf»nHtnip.t,i<if» 

16th  to  17th 

»      »t    tt 

17th  to  18th 

it     tt    tt 

44          tt       tt 

18th  to  19th 

tt      tt    tt 

Reconstruction. 

RattiovaH 

19th  to  80th 

None  required. 
Alterations  made  by 

owners. 
Reconstruction. 

tt     tt    tt 

20th  to  21st 

Underpinning. 
Fig.  2  shows  a  typical  section  of  the  retaining  wall,   with  the 
underpinning  of  the  building  on  the  north  side  of  the  subway,  between 
Sixteenth  and  Seventeenth  Sts. 
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Wherever  it  was  very  important  not  to  enter  upon  private  property, 
or  where  the  conditions  of  the  existing  walls  made  underpinning 
cheaper  than  their  removal,  this  method  was  always  carried  out.  No 
specific  method  for  doing  this  work  was  described  in  the  specifications, 
the  contractors  merely  being  required  to  do  it  with  the  utmost  care, 
and  in  the  best  manner,  subject  to  the  approval  of  the  Chief  Engineer; 
properly  supporting  the  parts  exposed  through  the  excavation  in  such 
a  manner  as  to  prevent  any  damage  to  the  building,  machinery,  or 
plant,  either  during  the  operation  of  the  work  or  subsequent  thereto. 
The  detailed  methods  of  shoring  and  making  the  excavations,  therefore, 
were  left  to  the  ingenuity  of  the  contractor  for  each  special  case. 

Fig.  1,  Plate  ITT,  shows  the  method  used  for  underpinning  the  steel 
columns  in  the  front  of  the  building  of  Messrs.  William  Sellers  and 
Company,  on  the  north  side  of  Pennsylvania  Ave.  between  Sixteenth 
and  Seventeenth  Sts.     The  columns  supported  the  ends  of  the  runway 
of  a  50-ton  traveling  crane,  spanning  one  of  the  shops  and  running  at 
right  angles  to  the  avenue.     The  columns  are  in  the  front  wall,  which 
is  of  brick,  2  ft.  thick  and  about  20  ft.  high.     The  footing  course  was 
of  rubble  masonry  laid  in  cement  mortar  and  resting  upon  a  bed  of  clay 
and  gravel  about  26  ft.  thick,  which  rested  on  the  rock.     Small  excava- 
tions were  made  under  each  column,  and  transverse  wooden  beams  were 
slipped  under  its  granite  base  and  wedged  up  on  a  pair  of  longitudinal 
wooden  stringers  just  outside  of  the  footing.    The  excavation  was  then 
enlarged,  and  batter  posts  were  placed  in  its  sides.     These  carried  the 
loads  to  sill  pieces  laid  outside  the  limits  of  a  trench  which  was  carried 
down  under  the  center  of  the  wall.     The  excavation  was  Bheathed  and 
braced  as  shown  in  Fig.  3.     A  concrete  footing  was  then  placed  upon 
the  rock,  and  a  vertical  strut  of  12  x  12-in.  yellow  pine  was  placed 
upon  it,  and  wedged  with  steel  wedges  beneath  the  granite  base.     A 
brick  pier,  laid  in  Portland  cement  mortar,  was  then  built  up  around 
this  strut,  and  wedged  up  with  a  large  number  of  steel  wedges  beneath 
the  granite  base.     The  intervening  walls  between  the  columns  were 
treated  in  a  simpler  manner.     Alternate  sections,  from  8  to  12  ft.  in 
length,  were  excavated,  shored  and  braced  up,  and  then  built  up  from 
the  concrete  foundation  with  selected  flat  stone  laid  in  Portland  cement 
mortar  and  wedged  tight  against  the  footing-course.     The  floor  of  this 
shop  is  a  bed  of  concrete  12  ins.  thick,  and  the  large  machine  tools  rest 
upon  it  without  further  foundations,  many  of  them  being  immediately 
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adjacent  to  the  front  wall.  A  very  alight  settlement  of  these  tools 
would  throw  them  out  of  adjustment,  bat  no  complaint  of  any  settle- 
ment, whatever,  was  received,  nor  were  any  cracks  visible  in  the  front 

This  method  of  underpinning  was  carried  ont  successfully  beneath 
the  entire  front  of  the  six-story  warehouse  at  Sixteenth  St. ;  the  eastern 
half  of  the  'Whitney  Car  Wheel  Company,  on  the  south  side  between 
Sixteenth  and  Seventeenth  Sts. ;  the  boiler-house  and  forge  shop  of  the 
Baldwin  Locomotive  Works,  between  Seventeenth  and  Eighteenth  Sts. , 
and  a  large  number  of  very  heavy  buildings  on  the  line  of  Thirteenth 
St.     In  each  case,  the  specifications  provided  for  the  general  method 


of  the  work,  without  regulating  the  details.  In  all  cases,  except  for 
the  work  on  Thirteenth  St.,  the  price  for  the  underpinning  was  included 
in  a  lump  sum  for  building  the  retaining  walls  and  reconstructing  the 
buildings  in  each  block.  On  Thirteenth  St. ,  the  price  was  by  the  cubic 
yard.  A  special  price  for  additional  underpinning,  however,  was  bid 
under  each  contract,  so  as  to  provide  for  unforeseen  conditions. 

Reconhthuction  of  Buildings. 

Wherever  it  was  not  found  expedient  to  underpin  the  buildings, 
the  fronts  were  removed  and  reconstructed.  This  method  was  adopted : 

1st.  When  the  existing  condition  of  the  front  wall  was  so  bad  as  to 
make  underpinning  hazardous  and  expensive. 
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2d.  In  cases  where  the  main  retaining  wall  had  to  be  constructed 
with  its  face  on  the  same  line  as  the  face  of  the  building,  the  character 
of  the  wall  requiring  the  use  of  derrick  stone  which  could  not  be 
placed  in  underpinning. 

3d.  Where,  for  any  reason,  it  was  cheaper  to  remove  the  front  than 
to  underpin. 

The  specifications  uniformly  provided  that  a  temporary  front  be 
constructed,  inside  the  present  front,  made  of  hemlock  scantling, 
covered  inside  with  hemlock  boards,  Neponset  roofing  paper  and 
second-quality  white  pine  fencing  vertically  over  all.  The  existing 
door  and  window  frames  were  then  to  be  removed  from  their  places  in 
the  present  wall,  set  in  the  temporary  front,  and  the  whole  made 
weather-tight.  The  floor  joists  and  other  structural  parts  of  the  build- 
ing were  then  supported  as  shown  on  the  plans  for  each ,  particular 
case,  and  the  front  wall  was  removed.  Then  the  excavations  were 
made  for  the  retaining  wall  or  the  new  foundation,  and  the  new  walls 
were  constructed,  the  window  and  door  frames  being  replaced  as  the 
building  progressed. 

The  contractor  on  each  contract  bid  a  lump  sum  for  removing  all 
machinery,  goods  or  stores  which  were  in  the  way,  and  for  restoring 
them  to  their  original  positions. 

Fig.  4  shows  a  typical  cross-section  of  such  building  reconstruction. 

Retaining  Walls. 
The  retaining  walls  were  in  all  cases  constructed  of  rubble  masonry 
under  the  following  general  specifications: 

"  All  retaining  walls  shall  consist  of  first-class  Conshohocken  or 
other  approved  stone  of  good  shape  and  good  flat  beds;  no  stone  having 
less  bed  than  face;  laid  on  their  broadest  faces  as  rubble  work  in  Port- 
land cement  mortar. 

"  In  walls  of  5  ft.  thickness  or  less,  the  stones  shall  average  from  6 
to  8  ou.  ft.  each,  and  the  length  of  the  headers  shall  be  two-thirds  of  the 
thickness  of  the  wall.  In  walls  over  5  ft.  thick  the  stones  shall  average 
12  cu.  ft.  each,  and  headers  shall  be  at  least  4  ft.  long.  Generally,  no 
stones  of  less  than  4  cu.  ft.  shall  be  used,  except  for  filling  the  inter- 
stices between  the  larger  stoneB.  At  least  one-fifth  of  each  face  of  all 
the  walls  shall  be  composed  of  headers  placed  so  that  those  on  one 
face  come  between  those  on  the  other;  and,  where  the  thickness  of  the 
walls  is  such  that  the  headers  from  opposite  faces  do  not  overlap, 
stones  not  less  than  4  ft.  long  shall  be  set  transversely  in  the  heart  of 
the  wall  to  complete  the  bond. 
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"  These  walls  mast  be  built  accurately  to  lines  and  levels  given, 
and  all  exposed  faces  of  the  stone  must  be  true  and  straight,  and  with- 
out prominent  projections  of  the  quarry  faces.  The  mortar  in  all  joints 
on  exposed  faces  shall  be  kept  back  one  inch. 

"Selected  stone  shall  be  used  at  all  angles,  and  shall  be  neatly 
pitched  to  true  lines  and  laid  on  hammer-dressed  beds.  At  all  angles 
H-in.  draft  lines  will  be  required. 

"Grout  shall  be  used  in  place  of  mortar,  wherever  directed  by  the 
Chief  Engineer. 

"  The  face  and  back  of  the  wall  shall  be  carried  up  together,  over 
the  whole  wall,  in  approximately  the  same  total  height,  except  where 
otherwise  specified. 

"In  rock-faced  work,  the  faces  of  the  stones  shall  have  uniform 
projections  not  exceeding  3  ins. ,  and  in  rough-pointed  work  not  more 
than  1  in.  beyond  the  neat  lines,  and  in  both  cases  they  shall  be 
pitched  to  a  straight  line  at  all  the  joints. 

"The  joints  between  all  stones  on  the  back  of  all  retaining  walls 
and  abutments  shall  be  carefully  and  thoroughly  washed  with 
Portland  cement  mortar  so  as  to  make  the  walls  water-tight. 

.  "In  cases  where  rock  adjoins  the  back  of  the  wall,  the  wall  is  to  be 
built  up  tight  against  the  rock,  and  the  joint  thoroughly  grouted  with 
Portland  cement  grouting. 

"All  walls  and  abutments  are  to  be  thoroughly  drained,  wherever 
directed  by  the  Chief  Engineer,  by  means  of  4-in.  cast-iron  pipe, 
built  in  the  wall,  or  by  openings  left,  as  may  be  ordered.  'Wherever 
necessary,  tile  or  French  drains  of  broken  stone,  18  X  18  ins.,  as 
shown  on  the  drawings,  shall  be  placed  at  the  back  of  the  wall.  These 
drains  and  pipe  will  be  paid  for,  per  linear  foot,  at  the  price  given  in 
the  proposal  for  such  work. 

"All  pointing  shall  be  done  with  Portland  cement  mortar  of  an 
approved  brand.  The  surfaces  of  all  stone  shall  be  thoroughly 
cleaned,  the  joints  scraped  out  to  the  depth  of  at  least  an  inch,  and 
the  whole  thoroughly  wetted  before  pointing  is  commenced." 

The  mortar,  grout  and  cement  used  were  required  to  meet  the 

following  requirements : 

"In  all  cases  where  Portland  cement  mortar  is  specified,  the  mor- 
tar shall  be  composed  of  1  part  of  Portland  cement  to  3  parts  of  sand. 

"  Mortar  taken  from  the  mixing  box,  and  moulded  into  briquettes, 
1  sq.  in.  in  cross-section,  shall  develop  the  following  ultimate  tensile 
strength : 

AGE.  STRENGTH. 

7  days  (1  day  in  air,  6  days  in  water)  1  part  of  Port- 
land cement  to  3  parts  of  sand 100  lbs. 

28  days  (1  day  in  air,  27  days  in  water)  1  part  of  Port- 
land cement  to  3  parts  of  sand 150 
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"  Grout  made  of  Portland  cement  shall  be  composed  of  1  part  of 
Portland  cement  to  2  parts  of  sand,  except  where  the  foundations  are 
wet,  when  the  quantity  of  sand  shall  be  diminished,  making  the  pro- 
portions 1  part  of  Portland  cement  to  1}  parts  of  sand,  which  shall  be 
used  in  the  foundation  masonry  up  to  the  neat  lines  if  required. 

"  Portland  cement  shall  have  a  specific  gravity  of  not  less  than  8, 
and  shall  leave,  by  weight,  a  residue  of  not  more  than  1%  on  a  No.  50 
sieve,  10%  on  a  No.  100  sieve,  and  30%  on  a  No.  200  sieve. 

"  Pats  of  neat  cement,  |  in.  thick,  with  thin  edges,  immersed  in 
water,  after  'hard  set,'  shall  show  no  signs  of  '  checking '  or  disinte- 
gration. 

"  It  shall  require  at  least  30  minutes  to  develop  initial  set. 

*"  Briquettes  of  cement,  1  sq.  in.  in  cross-section,  shall  develop  the 
following  ultimate  tensile  strengths : 

AOE.  STRENGTH. 

24  hours  (in  water,  after  hard  set) 175  lbs. 

7  days  (1  day  in  air,  6  days  in  water) 450 

28  days  (1  day  in  air,  26  days  in  water) 550 

7  days  (1  day  in  air,  6  days  in  water),  1  part  of  cement 

to  3  parts  of  standard  quartz  sand 160 

28  days  (1  day  in  air,  26  days  in  water),  1  part  of  cement 

to  3  parts  of  standard  quartz  sand 220 

' '  All  cements  shall  meet  such  additional  requirements  as  to  *  hot 
water,'  'set,'  and  'chemical'  tests  as  the  Chief  Engineer  shall  deter- 
mine. The  requirements  for  '  set  '  may  be  modified  where  the 
conditions  are  such  as  to  make  it  advisable." 

Table  No.  4  shows  the  average  results  of  the  tests  of  the  cement  used. 

Fig.  5  shows  a  typical  section  of  retaining  wall  with  standard  cop 
ing  and  French  drain  and  weeper.     Reduced  heights  were  usually 
designed  by  cutting  the  standard  section  at  the  desired  point. 

Wherever  possible,  the  faces  of  all  walls  were  given  a  batter  of  \ 
in.  per  foot.  Where  the  face  of  the  wall  was  on  a  building  line,  and 
in  a  few  other  cases,  the  batter  was  omitted. 

The  neat  line  was  generally  18  ins.  below  the  top  of  the  rail.  Un- 
less otherwise  ordered,  the  bed  of  the  foundation  was  specified  to  be 
5  ft.  below  the  top  of  the  rail  in  earth  and  soft  rock,  and  3  ft.  below 
in  hard  rook.  On  lump-sum  contracts,  any  masonry  below  these  lines 
was  paid  for  as  additional  masonry  at  the  price  bid. 

Bridge  Abutments. 
Under  the  same  contracts,  and  at  the  same  time  that  the  retaining 
walls  were  built,  the  abutments  of  all  bridges  were  constructed. 
They  were  on  the  same  lines  as  the  walls,  and  were  built  practically  in 
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the  same  trench.  The  contract  required  the  construction  of  tem- 
porary wooden  bridges  oyer  the  trenches  on  the  lines  of  the  cross 
streets.  The  masonry  was  constructed  beneath  these  bridges  up  to  as 
high  an  elevation  as  possible,  their  completion  being  included  in  the 
contract  for  the  construction  of  the  bridges.  These  temporary 
bridges,  therefore,  were  used  over  the  two  abutments  of  each  cross- 
street  until  the  core  was  removed  and  the  bridges  constructed. 
They  were  paid  for  at  a  unit  price  for  the  lumber,  and  generally  cost 
about  $250  each . 

The  abutments  were  constructed  of  rock-faced,  coursed,  ashlar 
masonry  with  rubble  backing;  and  were  laid  in  Portland  cement  mor- 
tar of  the  same  proportions  as  described  under  "  Retaining  Walls. " 
In  all  cases,  a  straight  vertical  joint  was  made  between  the  retaining 
walls  and  the  bridge  abutments.  The  standard  side  and  head  clear- 
ances are  shown  in  Fig.  6. 

The  specifications  for  the  ashlar  were  as  follows : 

"  In  range  ashlar  the  stones  shall  be  equal  to  the  best  Stockton  or 
Clearfield  County  stone.  If  other  stones  are  intended  to  be  used, 
specimen  6-in.  cubes,  properly  labeled,  must  be  submitted,  and  that 
accepted  shall  be  considered  as  the  standard.  The  stones  shall  be  laid 
in  regular  courses  with  bonds  on  the  face  not  less  than  12  ins. ;  they 
shall  be  uniform  in  color,  and  free  from  stains.  All  mortar  and  grout- 
ing that  has  run  out  over  the  faces  shall  be  washed  off  clean  before  it 
has  set. 

"  If  there  be  nothing  shown  or  noted  on  the  drawings,  or  stated  in 
the  clause  relating  to  the  work  in  particular  of  these  specifications  to 
the  contrary,  the  faces  of  the  headers  in  each  course  shall  form  at 
least  one-fifth  of  its  face. 

"The  height  of  the  courses  shall  not  exceed  30  ins.,  nor  be  less 
than  18  ins.  The  stones  shall  be  dressed  for  J -in.  joints,  true  to  the 
proper  lines,  out  of  wind,  with  parallel  beds  and  vertical  joints;  at 
the  latter  joints  they  shall  be  dressed  at  least  6  ins.  back  of  the  face, 
and  the  beds  shall  be  tooled  over  their  entire  surfaces. 

"  The  headers  shall  have  at  least  as  much  width  of  face  as  rise, 
but  not  less  than  18  ins.,  and  they  shall  not  be  less  than  4  ft.  long. 

"  The  stretchers  shall  have  as  much  bed  as  rise,  but  not  be  less  than 
18  ins.  wide;  they  shall  not  be  less  than  4  ft.  long,  and  shall  not  break 
joints  on  headers. 

"The  backing  shall  be  of  coursed  rubble  masonry,  well  bonded 
with  the  ashlar  and  in  itself." 

All  work  on  the  bridge  abutments  was  paid  for  by  the  cubic  yard, 

viz. ,  excavation  and  masonry,  including  the  rubble  backing. 
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Cost  of  Underpinning,  Reconstruction  of  Buildings  and  Retaining 

Walls. 

A  summary  of  the  cost  of  the  work  under  these  headings  is  given 
in  Table  No.  5. 

TABLE  No.  5 


Contract 
No. 


18 

16 
17 

19 


44. 
21. 


28 
41 

24 


28. 


Description. 


Retaining  walls  from  18th  to  15th  Sts.,  except  on  north  side  from 
Broad  to  15th  Sts.,  including  both  abutments  at  Broad  St.  bridge, 
south  abutmant  of  15th  St-  bridge  and  excavation  for  lowering 
water  mains  on  Broad  St.    E.  D.  Smith  &  Co.,  Contractors 

Retaining  walls  on  north  side  from  Broad  to  15th  St.,  including 
the  north  abutment  of  15th  St.  bridge.    Bi.  McManus,  Contractor . 

Retaining  walls  between  15th  and  16th  Sts.,  including  reconstruc- 
tion of  Duildings  on  north  side,  underpinning  of  warehouse  on 
south  side,  abutments  of  railroad  high-level  bridge  and  highway 
bridge  on  16th  St.    P.  H.  Flynn  &  Co.,  Contractors 

Retaining  walls  between  16th  and  17th  Sts.,  including  underpinning 
of  buildings  on  north  and  south  sides,  abutments  of  railroad 
bridge  between  16th  and  17th  Sts.  and  highway  bridge  at  17th 
St.  (This  contract  not  completed  on  south  side.  See  Contract 
44  for  balance  of  cost. )    P.  H.  Flynn  &  Co..  Contractors 

Completion  of  masonry  walls  and  abutment  on  south  side  between 
16th  and  17th  Sts.    E.  D.  Smith  <£  Co.,  Contractors 

Retaining  walls  between  17th  and  18th  Sts.,  including  underpinning 
of  buildings  at  east  end  on  norih  side  and  reconstruction  of 
building  at  west  end  on  same  side,  construction  of  coal  pit  on 
north  side  and  abutments  of  highway  bridge  on  18th  St.  P.  H. 
Flynn  &  Co..  Contractors 

Retaining  walls  between  18th  and  19th  Sts.,  including  reconstruc- 
tion of  buildings  on  north  side  and  abutments  of  highway  bridge 
on  19th  St.    P.  H.  Flynn  &  Co.,  Contractors 

Retaining  walls  between  19th  and  20th  Sts.,  including  abutments 
of  highway  bridge  qn  20th  St.    E.  D.  Smith  &  Co.,  Contractors. 

Construction  of  pit  for  hydraulic  lift  on  north  side  between  19th 
and  20th  Sts.,  Including  bridge  over  connection,  and  reconstruc- 
tion of  buildings.    E.  D.  Smith  &  Co.,  Contractors 

Retaining  wall  on  east  side  of  20th  St.  from  Pennsylvania  Ave.  to 
Hamilton  St.;  on  south  side  of  Hamilton  St.  from  20th  St.  to  east 
tunnel  portal;  reconstruction  of  buildings  and  construction  of 
retaining  walls  on  south  side  from  20th  to  21st  Sts.;  both  abut- 
ments or  21st  St.  bridge.    P.  H.  Flynn  &  Co.,  Contractors 

Retaining  walls  on  the  south  side  from  the  line  of  21st  St.  to  the 
east  portal  of  the  tunnel.    E.  D.  Smith  &  Co.,  Contractors 

Construction  of  coal-hopper  pit  and  building  on  the  south  side  be 
tween  20th  and  21st  Sts.    Stacy  B.  Opdyke,  Contractor , 

Total  work  of  reconstruction  of  buildings,  underpinning 
and  retaining  walls 


Cost. 


$84  996.66- 
24  295.21 

100  741.82 

106  018. 4» 

18  444.48 

105  557.70 

72102.12 
68  812.68 

19  904.20 

145  782.61 

16  264.20 

4  081.69 


$768  970.81 


The  following  is  a  list  of  the  most  interesting  unit  prices  on  the 

contracts  mentioned  in  Table  No.  5: 

Ashlar  for  bridge  abutments,  per  cubic  yard $9.50 

Additional  rubble  masonry,  per  cubic  yard 6.50 

Additional  brick  underpinning,  per  cubic  yard $9.00  to  20.00 

Additional  rubble  underpinning,  per  cubic  yard $9.00  to  20.00 

No.  4  railing,  per  linear  foot 2 .  00 

No.  6  railing,  per  linear  foot $0.95  to    1 .05 

French  drain,  per  linear  foot 0 .  10 

4-inch  cast-iron  weepers,  per  linear  foot 0.25  to   0.70 
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In  the  above-mentioned  total  cost  of  the  retaining  walls,  bridge 
abutments,  and  the  underpinning  and  reconstruction  of  buildings 
from  Thirteenth  St.  to  the  east  portal  of  the  tunnel,  -which  amounted 
to  $763  970.81,  the  piers  for  the  bridges,  a  number  of  short  lengths  of 
retaining  walls  between  the  main  walls,  and  in  several  cases  the  rail- 
ings, were  not  included.  The  work  which  was  thus  omitted  was  all 
covered  under  Contract  14. 

Proposed  Tunnel  Ventilation. 

Contract  29,  which  covered  the  work  of  the  construction  of  the 

tunnel,  included  a  system  of  conduits  designed  for  the  artificial  venti- 

"lation  of  the  tunnel.     This  work  was  part  of  a  complete  system  to 

meet  the  requirements  of  heavy  traffic  through  the  tunnel  which  was 

planned  as  52  ft.  wide  and  2  913  ft.  long. 

Two  fan  stations  (see  Fig.  7)  were  proposed,  situated  so  as  to 
divide  the  length  of  the  tunnel  into  four  almost  equal  sections,  the 
stations  being  located  on  the  north  side  of  the  tunnel.  In  each  sta- 
tion there  were  to  be  provided  two  fans,  20  ft.  in  diameter,  drawing  the 
foul  air  and  gases  from  the  tunnel  through  openings  at  intervals  of 
about  150  ft.,  leading  from  the  roof  of  the  tunnel  to  the  conduits 
which  were  also  located  on  the  north  side  of  and  parallel  to  the  tunnel. 

The  grade  of  the  conduits  was  arranged  so  that  any  condensation 
would  run  to  the  fan  stations,  where  provision  was  made  to  care  for  it. 
The  conduits  were  11  ft.  in  diameter  at  the  fan  stations,  decreasing  to 
6J  ft.  at  the  ends.  It  was  the  intention  to  drive  the  fans  by  electric 
motors,  and  to  discharge  into  ornamental  stacks  high  enough  to  pre- 
vent any  inconvenience  to  surrounding  properties.  The  conduits  at 
the  stations  were  arranged  so  that  the  fans  could  be  connected  to 
either  line  of  conduits,  or  so  that  one  fan  could  exhaust  from  both 
lines  of  conduits  in  case  of  a  break-down  or  repairs  being  made.  Each 
fan  was  to  have  had  a  capacity  of  600  000  ou.  ft.  per  minute,  or  about 
one-fifth  of  the  entire  contents  of  the  tunnel.  It  was  thus  expected 
that  the  entire  contents  would  be  replaced  every  five  minutes. 

On  the  south  side  of  the  tunnel,  and  placed  midway  between  the 
suction  openings,  fresh-air  intakes  were  to  be  provided,  150  ft.  apart, 
each  with  an  effective  area  of  35  sq.  ft.  They  were  to  be  connected  to 
the  tunnel  at  the  level  of  the  rail,  and  the  openings  into  the  street 
were  to  have  been  placed  in  the  grass  plats  between  the  sidewalk  and 
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the  curb.  If  necessary,  automatic  shutters  were  to  have  been  pro- 
vided to  prevent  any  gas  from  escaping  into  the  street.  These  would 
close  when  there  was  any  pressure  of  air  from  the  tunnel.  The  power 
to  operate  the  motors  at  the  fans  was  to  be  obtained  from  a  power- 
house situated  on  Pennsylvania  Ave.,  between  Eighteenth  and  Nine- 
teenth Sts.,  which  was  also  to  supply  power  to  the  hydraulic  lifts 
located  at  Seventeenth  and  Nineteenth  Sts. 

The  Tunnel. 

On  May  28th,  1896,  a  conference  was  held  at  the  office  of  the  Mayor, 
Hon.  Charles  F.  Warwick,  between  the  officials  of  the  City  and  of  the 
Philadelphia  and  Beading  Railroad  Company,  at  which  the  City  was 
asked  to  pay  part  of  the  cost  of  maintaining  and  operating  the 
ventilation  of  the  tunnel  and  the  hydraulic  lifts. 

The  agreement  reached  was  to  abandon  the  artificial  system  of 
ventilation  in  the  tunnel,  shorten  its  length,  and  introduce  openings 
from  the  roof  of  the  tunnel  to  the  street. 

These  changes  required  a  modification  of  the  plans  and  specifica- 
tions of  the  work  on  the  tunnel.  Work  was  at  once  begun  on  the 
plans,  and,  after  several  conferences,  the  revised  plan  was  approved  on 
August  3d  by  the  Director  of  the  Department  of  Public  Works,  and 
on  August  6th  by  the  President  of  the  Philadelphia  and  Beading  Bail- 
road  Company.  Contract  29  was  abandoned,  and  the  work  was  re- 
advertised  on  August  15th,  1896,  for  proposals  to  be  received  on 
September  1st.  Proposals  were  received  on  the  latter  date,  on  the 
new  plans,  under  Contract  33. 

Comparing  the  relative  costs  of  the  work,  by  figures  based  on  the 
approximate  quantities  given  in  the  specifications,  there  was  a  saving 
of  about  $220  000.  Contract  29  did  not  include  any  work  upon  the 
fan  stations  for  the  ventilation  system,  nor  the  cost  of  the  land  for  the 
same. 

In  the  preparation  of  the  plans  for  the  new  tunnel,  it  was  neces- 
sary to  make  a  large  number  of  studies,  as  the  interests  of  the  City 
required  as  few  openings  as  possible,  and  the  Railroad  Company  desired 
practically  an  open  cut.  The  conference  above  mentioned  decided 
that  each  opening  should  be  10  ft.  in  width  and  of  sufficient  length  to 
obtain  300  sq.  ft.  of  net  area.  As  the  arch  of  the  tunnel  was  designed 
of  brick,  it  was  decided  that  it  would  be  impracticable  to  make  the 
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construction  of  these  openings  of  brick.  The  plans,  therefore,  which 
were  approved,  terminated  the  brick  arch  at  each  end  of  the  ventila- 
tion opening,  carried  up  the  side  walls,  and  spanned  the  tunnel  with 
steel  girders  and  beams,  between  which  the  opening  is  framed. 

On  account  of  the  action  of  the  fumes  from  the  locomotives  upon 
the  steel-work,  it  was  considered  of  the  first  importance  that  every 
portion  of  the  metal-work  in  these  openings  should  be  thoroughly 
protected.  The  following  extracts  from  the  specifications  indicate 
clearly  how  this  was  done: 

"These  openings  are  to  be  constructed  of  a  steel  frame  replacing 
the  arch  of  the  tunnel.  Generally,  four  lines  of  plate  girders,  resting 
upon  granite  bridge-seats  in  pockets  upon  the  Bide-walls  of  the  tunnel, 
support  lines  of  12-in.  I-beams,  between  which  brick  arches  are  to  be 
constructed  carrying  the  weight  of  the  street  above.  The  opening,  78 
ft.  long,  has  six  lines  of  plate  girders.  The  beams  to  be  thoroughly 
tied  together  with  tie-rods,  as  shown  on  the  drawings. 

"The  spaces  between  the  girders  facing  the  openings  shall  be  built 
up  with  a  9-in.  brick  wall,  which  shall  have  certain  arches  for  man- 
holes, as  shown.  These  manholes  shall  be  compactly  built  up,  upon 
the  completion  of  the  work. 

"  The  necessary  retaining  walls,  upon  the  arch  of  the  tunnel  and 
surrounding  the  openings,  shall  be  constructed  as  shown.  The  size  of 
stone  in  these  walls  shall  be  subject  to  the  approval  of  the  Chief  En- 
gineer. The  walls  above  the  street  level  shall  have  a  rustic  combing 
of  stone,  carefully  set. 

"The  metal-work  shall  be  protected  from  the  action  of  the  locomo- 
tive fumes  by  plastering  the  main  girders,  where  they  cross  the  open- 
ings, with  two  coats  of  Portland  or  other  approved  cement  mortar 
(mixed  in  the  proportion  of  1  part  of  cement  to  1  part  of  sand). 
The  first  coat  shall  be  about  1  in.  thick,  and,  before  the  second  is  ap- 
plied, the  girder  shall  be  covered  with  metal,  plastering  lath,  or  wire, 
of  a  quality  to  be  approved  by  the  Chief  Engineer.  The  total  thickness 
of  the  plastering  shall  be  2  ins.  when  finished. 

"  The  under  side  of  the  main  girders,  not  beneath  the  ventilation 
opening  proper,  shall  be  protected  by  a  covering  of  4-in.  I-beams  at- 
tached to  the  bottom  flanges  of  the  main  girders,  and  supporting  in 
turn  a  ceiling  of  terra  cotta  fire-proofing  material  arranged  so  as  to 
cover  the  bottom  flanges  of  the  4-in.  I-beams  in  the  manner  shown  on 
the  drawings.  The  detail  of  the  terra  cotta  to  be  subject  to  the  approval 
of  the  Chief  Engineer. 

"This  terra  cotta  ceiling  to  be  set  in  Portland  cement  mortar  (1 
part  of  cement  to  2  parts  of  sand)  and  filled  up  to  a  level  on  top 
with  concrete  composed  of  1  part  of  Portland   cement,  3  parte  of 
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sand  and  5  parts  of  furnace  slag,  free  from  dust  or  dirt,  and  broken 
so  as  to  pass  through  a  1-in.  ring  in  any  direction.  The  under  side  of 
the  terra  cotta  material  to  be  plastered  with  Portland  cement  mortar 
(1  part  of  cement  to  2  parts  of  sand)  1  in.  thick. 

"  The  terra  cotta  work  of  the  protective  ceiling,  including  the  con- 
crete  and  the  cement  plastering,|in  place  complete,  as  specified  above, 
shall  be  paid  for  by  the  square  foot  at  the  price  given  in  the  proposal 
for  the  terra  cotta  protective  ceiling  or  plastering  of  the  main 
girders. " 

Tunnel  and  Open  Subway  at  West  End. 

On  January  12th,  1897,  the  contract  for  constructing  the  tunnel  and 
the  open  subway  at  the  western  end  of  the  work  was  awarded  to 
Messrs.  £.  D.  Smith  and  Company,  and  work  was  begun  by  them  on 
March  8th,  1897.     This  contract  was  known  as  No.  33. 

At  this  time  the  temporary  tracks  were  constructed  upon  the  south 
side  of  Pennsylvania  Ave.  from  Hamilton  to  Twenty -fifth  Sts.,  where 
they  connected  with  the  regular  alignment.  This  allowed  of  the  con- 
struction of  the  north  wall  of  the  tunnel  from  Hamilton  St.  to  a  point 
west  of  Twenty-sixth  St.,  as  well  as  the  north  retaining  wall  of  the 
open  subway  from  the  last-named  point  to  the  end  of  the  work  at 
Thirtieth  St.  These  walls  were  constructed  in  an  open  trench.  The 
abutment  wall  of  the  tunnel  was  built  to  the  upper  end  of  the  skew- 
back  for  the  tunnel  arch.  The  retaining  wall  for  the  open  cut  was 
completed  and  the  coping  and  railing  set.  The  temporary  tracks  were 
then  shifted  to  the  north  of  the  walls,  and  they  remained  in  this  posi- 
tion until  travel  was  begun  on  the  permanent  tracks  in  the  subway. 

On  account  of  the  close  proximity  of  the  tracks  to  the  trench  for 
these  walls,  it  was  necessary  to  construct,  for  a  considerable  distance 
a  trestle  supporting  the  south  track.  This  work  was  done  under  a 
separate  contract,  No.  42,  which  was  awarded  to  Messrs.  E.  ~D.  Smith 
and  Company  on  August  24th,  1897.  On  account  of  some  necessary 
delay  in  starting  on  this  contract,  the  contractors  for  the  tunnel,  at 
considerable  expense  to  themselves,  began  the  work  of  constructing 
the  south  wall  of  the  tunnel  before  the  temporary  track  was  moved  to 
the  north.  This  wall  was  constructed  in  the  same  way  as  the  north 
wall,  except  where  it  immediately  adjoined  the  wall  of  the  Baltimore 
and  Ohio  Tunnel  near  Twenty-fifth  St.,  at  which  point  the  walls  of 
the  two  tunnels  were  back  to  back.  In  order  to  avoid  any  possibility 
of  an  accident,  the  subway  wall  was  built  in  sections  of  50  ft.  each, 
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the  trench  not  being  excavated  in  the  alternate  sections  until  the 
masonry  on  either  side  was  well  advanced.  The  back  wall  of  the  Bal- 
timore and  Ohio  Tunnel  was  found  to  be  in  a  very  poor  condition,  and, 
as  the  subway  wall  was  laid  tight  against  it,  each  course  was  grouted 
in  such  a  manner  on  the  back  that  all  the  openings  in  the  Baltimore 
and  Ohio  wall  were  filled.  For  this  purpose,  322  batches  of  grout 
were  used. 

Steam  shovels  were  then  started  at  Thirtieth  St.,  and  a  temporary 
incline  was  excavated  to  the  west  portal  of  the  tunnel.  The  full  sec- 
tion was  then  removed,  approximately  to  the  subgrade  of  the  tracks, 
and  centers  were  constructed  for  supporting  the  arch  of  the  tunnel. 
These  centers  were  designed  by  the  contractors,  and  are  shown  in  Fig. 
1,  Plate  V.  They  were  built  50  ft.  in  length,  and  so  as  to  run  on 
12  wheels  on  tracks  placed  adjacent  to  the  tunnel  wall  on  either  side, 
the  weight  of  a  section  being  about  510  tons.  An  opening  23  ft.  wide 
was  left  through  them  to  allow  of  the  passage  of  trains  removing  the 
excavated  material.  The  ribs  were  6  ft.  from  center  to  center,  and 
were  lagged  with  3-in.  plank.  The  brick  in  the  tunnel  arch  and  the 
stone  for  the  spandrel  filling  were  generally  brought  in  on  construction 
tracks  on  the  upper  level.  Seven  sets  of  centers  were  built  and  used 
for  the  arch,  the  centers  remaining  in  place  7  days  after  the  arch  was 
keyed.  After  some  experience,  it  was  customary  to  move  a  center 
forward  in  about  20  minutes  after  it  had  been  lowered  to  the  tracks. 
As  soon  as  the  brickwork  for  a  section  of  arch  was  in  place,  the  span- 
drel filling,  of  stone  laid  in  Portland  cement  mortar,  was  built,  and 
the  top  plastered  with  natural  cement  mortar,  J  in.  thick.  After  this 
plaster  had  set,  the  work  of  back-filling  to  the  subgrade  of  the  pave- 
ment on  the  avenue  was  begun. 

This  work  was  carried  forward  from  west  to  east.  The  brickwork 
was  begun  on  May  30th,  1898,  and  was  completed  with  the  setting  of 
the  keystone  of  the  east  portal  on  December  17th,  1898. 

After  the  excavation  for  the  tunnel  was  completed,  the  shovels 
were  removed  again  to  Thirteenth  St.,  and  the  old  retaining  wall  on 
the  north  side  of  the  cut  of  the  Baltimore  and  Ohio  Railroad  was  re- 
moved, and  the  excavation,  as  far  as  the  west  portal  of  the  tunnel, 
was  completed  to  subgrade. 

The  west  end  of  the  Baltimore  and  Ohio  Tunnel,  for  a  distance  of 
250  ft.  from  the  west  end,  is  covered  with  a  steel  roof.     Where  the 
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back  of  tha  r  staining  wall  supporting  this  roof,  between  the  portals 
of  the  two  tunnels,  was  exposed,  it  was  faced  with  Leiperville  stone 
and  coped. 

The  work  of  placing  the  steel  in  the  ventilation  openings,  of 
finishing  aronnd  their  tops,  of  placing  the  curb  and  paving  the 
remodeled  avenue,  and  of  sodding  and  planting  the  trees  and  shrubs, 
followed  in  the  order  given.  The  final  payment  was  made  on  June 
5th,  1900.  The  completion  of  the  work  was  delayed  on  account  of 
some  difficulty  in  fixing  the  paving  grades  at  Fairmount  Ave.,  caused 
by  necessary  conferences  between  the  officials  of  the  Union  Traction 
Company  and  the  Commissioners  of  Fair  mount  Park,  which  postponed 
the  work  of  paving  so  late  in  the  fall  of  1899  that  it  could  not  be 
finished  until  the  next  spring. 

Table  No.  6  gives  the  average  results  of  the  tests  of  steel  used. 
Four  wooden  Howe  truss  footway  bridges  cross  the  four  tracks  of 
the  subway  and  the  two  tracks  of  the  Baltimore  and  Ohio  Railroad 
on  the  lines  of  Thirtieth,  Twenty -ninth,  Twenty-eighth  and  Twenty- 
seventh  Sts. 

9 

TABLE  No.   6. — Average  Physical  and  Chemical  Tests  of  Steel. 

(Basic  open  hearth.)     (Contract  33.) 
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The  tunnel  before  describad  is  2  710.42  ft.  in  length  between 
portals.  It  is  52  ft.  in  width  between  the  side  walls,  which  are  of 
heavy  rubble  masonry  laid  in  Portland  cement  mortar,  the  face  stone 
being  a  gneiss  from  Leiperville,  Delaware  County,  Pa.  For  a 
distance  of  45  ft.  from  the  east  portal  the  span  is  increased  to  58  ft. , 
so  as  to  allow  of  the  necessary  side  clearance  to  a  turn-out  leading  to 
the  railroad  yard  at  Twentieth  St. 

The  arch  of  the  52-ft.  span  is  the  segment  of  a  circle  of  43  ft.  8  ins. 
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radius,  with  a  rise  of  8  ft.  8  ins.,  giving  a  clearance  of  22  ft.  over  the 
rails  at  the  center,  with  18  ft.  over  the  side  tracks.  It  is  composed 
of  carefully  selected,  well  burned,  hard,  red  brick,  laid  in  natural 
cement  mortar,  and  is  2  ft.  10}  ins.  thick  at  the  center  and  3  ft.  llf 
ins.  at  the  skewback.  The  bonding  is  rather  unusual,  and  is  shown 
in  Fig.  8.  There  are  7.25  cu.  yds.  of  brickwork  per  linear  foot 
of  arch.  The  arch  is  not  continuous,  on  account  of  the  ventilation 
openings,  of  which  there  are  thirteen.  Twelve  of  these  cut  sections 
of  47  ft.  7  ins.  in  length  out  of  the  arch,  and  one  of  them  occupies 
78  ft.  The  construction  of  these  openings  has  been  described  in 
detail.     They  are  shown  in  Fig.  9. 

The  skewback s  are  generally  of  Conshohocken  stone  of  the  dimen- 
sions shown  in  Fig.  8.  Their  cost  is  included  in  the  price  for  the 
rubble  masonry  in  the  tunnel  abutments  above  the  neat  line.  These 
side-walls  contain  refuge  bays,  5  ft.  wide,  2  ft.  6  ins.  deep,  and  7  ft. 
high,  arched  with  brick,  and  placed  50  ft.  apart,  alternately  on  either 
side  of  the  tunnel.  Upon  the  completion  of  the  entire  inside  work  of 
the  tunnel,  the  masonry  was  thoroughly  scraped,  broomed  and  covered 
with  Amphibolin  waterproof  whitewash. 

All  the  water  and  gas  mains  and  electrical  conduits  crossing  the 
line  of  the  tunnel  were  supported  temporarily  during  the  construction 
of  the  work.  Nearly  all  of  them  were  covered  up  in  their  original 
positions.  The  following  exceptions  occurred  where  there  was  not 
sufficient  cover  over  the  top  of  the  brick  arch  to  allow  the  mains  to 
cross. 

At  Twenty-fourth  St.  two  lines  of  48-in.  mains  cross  the  line  of  the 
tunnel.  On  the  line  of  Green  St.,  and  again  at  Fairmount  Ave.,  single 
lines  cross.  At  all  these  points  the  same  method  was  used  by  Mr. 
Allen  J.  Fuller,  then  Engineer  of  Distribution,  Bureau  of  Water,  and 
now  General  Superintendent. 

Special  reducer  pipes  were  manufactured.  They  are  37  ft.  7}  ins. 
in  length,  horizontal  on  top  and  with  the  bottom  18  ins.  higher  at  the 
center  than  at  the  ends.  This  makes  a  throat  of  30  ins.  diameter, 
the  ratio  between  the  throat  and  the  main  being  as  1  to  2.51.  The 
mains  at  Twenty-fourth  St.  are  shown  in  Figs.  1  and  2,  Plate  VI.  The 
results  of  Mr.  Fuller's  experiments  on  the  difference  in  head  due  to 
the  velocity  in  the  throat,  as  measured  with  a  mercury  column,  are 
given  in  Table  No.  7. 
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TABLE  No.  7. 


Number  of  test. 

Throat  velocity,  in 
feet  per  second. 

Discharge  in  24 

hours,  in  millions 

of  gallons. 

Loss  of  head,  in 
pounds. 

1 

4.604 
6.777 
10.111 
11.287 
13.460 
14.868 
14.767 
16.881 

14.3 
21.5 
32.0 
35.7 
48.6 
46.5 
46.8 
51.9 

0.018 

2 

0.044 

8 

0.100  • 

4 

0.188 

5. 

0.182 

6 

0.184 

7 

0.218 

8 

0.288 

Mr.  Fuller,  in  commenting  on  these  experiments,  remarks: 

"  From  the  above  given  results  it  would  appear  that,  in  this  case, 
the  loss  of  head  due  to  the  reduced  bore  of  the  pipe  is  so  slight  that 
there  can  be  little  objection  to  the  adoption  of  this  method  for  crossing 
obstructions  in  the  line  of  water  or  gas  pipes  or  sewers.  Care  must 
be  observed,  however,  in  proportioning  the  throat  or  reduced  area  to 
the  maximum  required  capacity  of  the  conduit,  otherwise  the  arrange- 
ment will  prove  unsatisfactory  when  discharging  at  a  high  velocity." 

During  the  construction  of  the  line  at  Twenty -fourth  St. ,  while  the 
pipes  were  temporarily  supported,  a  shifting  engine  and  tender,  on 
the  temporary  track  adjacent,  jumped  the  track,  the  tender  falling 
6  ft.  and  lodging  upon  the  pair  of  pipes,  which  are  about  14  ft.  from 
center  to  center,  and  remaining  there  for  about  three  hours,  wholly 
supported  by  them.  The  accident  did  not  break  the  pipes,  nor  cause 
any  considerable  leakage,  although  both  mains  were  in  service  under 
a  head  of  about  27  lbs.  At  the  time  of  the  accident  the  supports  for 
the  pipe  in  the  excavation  were  as  shown  in  Fig.  1,  Plate  VI, 
the  tender  falling  from  the  tracks  on  the  left  side  of  the  photograph 
where  the  west  pipe  was  unsupported  for  nearly  four  lengths. 

The  drainage  of  the  depressed  tracks  is  effected  by  means  of  a 
conduit  of  concrete  and  brick  placed  in  the  center  of  the  tracks.  It 
is  connected  at  three  points  with  the  deep  sewer  on  Pennsylvania  Ave. 
to  the  north  of  the  north  retaining  wall,  and  was  constructed  in  1894 
and  1895.  Two  of  these  points  are  west  of  the  tunnel;  the  third  is 
beneath  the  tunnel  on  the  line  of  Twenty-fourth  St.  The  detail  of 
this  conduit  is  the  same  as  that  described  in  the  open  subway. 

Pennsylvania  Ave.,  over  the  tunnel,  was  widened  from  80  to 
120  ft.  from  Hamilton  St.  to  Green  St.,  there  being  two  sidewalks, 
each  14  ft.  in  width,  and  two  driveways  of  27  ft.  each,  between  the 
main  curb  and  the  curb  of  the  ventilation  openings.     Sodded  grass 
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plate,  6  ft  in  width,  are  placed  next  to  the  main  curbs,  and  are  planted 
with  Aaiatic  Button  wood  [Pbrtinu*  Orientalis).  The  spaces  aronnd 
the  ventilation  openings  are  sodded  and  planted  with  shrubs  specially 
selected  to  live  nnder  the  conditions  which  exist.  Ampefopsi*  Tines 
are  planted  against  the  walls.  The  sidewalks  are  paved  with  brick, 
and  the  driveways  with  Trinidad  Lake  asphalt  upon  a  cement  con- 
crete base,  8  ins.  in  thickness,  the  asphalt  wearing  surface,  2  ins.  in 
thickness,  being  placed  upon  a  1-in.  binder  coat  placed  upon  the 
cement  concrete.  All  the  curbing  is  of  granite,  8  ins.  in  width  and 
24  ins.  deep. 

Table  No.  8  gives  the  prices  of  the  principal  items  which  were  used 
on  this  work.  It  should  be  noted  that  the  excavation  was  measured 
without  classification,  and  included  all  back-filling  of  retaining  walls 
and  abutments,  over  the  tunnel  and  at  other  places,  as  directed.  It 
also  included  the  removal  of  all  old  walls  and  sewers;  the  maintenance 
of  all  travel;  of  water  pipes,  gas  pipes,  and  electric  conduits,  and  all 
sheeting  and  shoring  where  required. 

TABLE  No.  8. — Prices.    Tunnel  and  Subway.    Contract  33. 


PUCB. 


Excavation. 90.65  per  cubic  yard. 

Bubble  masonry,  below  neat  line. 5.00       "        " 

Bubble  masonry,  in  retaining  walls,  above  neat  line ,  5.75       " 

Bubble  masonry  in  tunnel  abutments,  above  neat  line,  including 

skewbacks  of  tunnel  arch 6.40 

Cut  stone  voussoirs  in  tunnel  portals 18.00       "        " 

Granite  bridge-seats,  ventilation  openings 88.00       "        " 

Brick  masonry  in  tunnel  arch 7.875     "        " 

Coping  for  retaining  walls 1.50  per  linear  foot. 

Asphalt  paving,  8-in.  concrete  base I  2. 86  per  square  yard. 

Brick  sidewalk  paving 0.90       " 

8-ln.  straight  granite  curb ,  1 .40  per  linear  foot. 

8-in.  curved  granite  curb ■  1.60       "        " 

15-in.  drainage  conduit,  in  rock. ,  2.00 


15-ln.         "  "       inearth 

12-ln.         n  "       inrock 

Grass  sodding 

Terra  cotta  covering,  in  ventilation  openings,  including  cement, 

concrete,  and  piaster 

Steel  in  ventlation  openings 


1.90 

1.90       ** 

0.60  per  square  yard. 

0.44       "        "    foot. 
0.025  per  pound. 


The  total  cost  of  the  work  under  this  contract  was  $1  014  992.97. 

Tehpobabt  Tbestle  on  North  Side  of  Tunnel. 

During  the  construction  of  the  tunnel  it  became  necessary  to  sup- 
port the  temporary  tracks  on  the  north  side  of  the  avenue  by  means 
of  a  temporary  trestle.  The  work  was  placed  under  contract  with  E. 
D.  Smith  and  Company  (Contract  42),  and  was  completed  by  them 
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daring  the  tunnel  construction.     The  work  was  done  by  unit  prices, 
the  principal  ones  being  as  follows: 

Lumber  in  trestle,  framed  and 

erected $42.00  per  thousand  feet,  B.  M. 

Laying  track  on  trestle,  using 
old  rails  from  the  work  and 

new  sa wed  ties 1.70  per  linear  foot. 

The  total  amount  paid  under  this  contract  was  $19  049.18. 

Chabacteb  and  Quality  of  Stone. 

The  Contractors  elected  to  use  the  following  grades  of  stone  for 
retaining  walls  and  abutments,  and  the  same  were  approved. 

Leiperville  Stone, — A  light- colored  gneiss  from  Chester,  Delaware 
Co.,  Pa.  It  was  used  on  the  walls  between  Thirteenth  and  Fifteenth 
Sts.,  except  on  the  north  side  between  Broad  and  Fifteenth  Sts. ;  also, 
on  both  sides  between  Nineteenth  and  Twentieth  Sts.,  and  on  the 
abutment  walls  of  the  tunnel. 

Rittenhouse  Stone. — A  dark-colored  gneiss  from  Germantown,  Phila- 
delphia. Used  on  the  north  wall  between  Broad  and  Fifteenth  Sts. , 
and  on  the  north  abutment  of  the  Fifteenth  St.  Bridge. 

French  Creek  Granite. — A  very  dark,  close-grained,  heavy  syenite 
from  the  Falls  of  French  Creek,  Chester  Co.,  Pa.  Used  on  the  walls 
and  abutments  between  Fifteenth  and  Nineteenth  Sts.,  and  on  the 
north  wall  between  Twenty -first  St.  and  the  tunnel  portal. 

Conshohocken  Stone. — A  medium-colored,  hard,  mica  schist,  from 
Conshohocken,  Montgomery  Co.,  Pa.  Used  on  the  south  wall  be- 
tween Twenty-first  St.  and  the  tunnel;  on  the  north  retaining  wall 
from  the  west  end  of  the  tunnel  to  Thirtieth  St. ,  and  for  the  skewbacks 
in  the  tunnel. 

Clearfield  County  Stone. — A  medium-colored,  hard,  sandstone  from 
Curwensville,  Clearfield  Co.,  Pa.  Used  on  the  abutments  of  the 
bridge  at  Broad  St.  and  the  south  abutment  at  Fifteenth  St.,  both 
abutments  at  Twentieth  St.,  and  generally  for  copings  throughout  the 
work. 

LumberviUe  Stone. — A  light- colored  quartzite,  of  granitic  nature, 
from  LumberviUe,  Bucks  Co.,  Pa.  Used  on  the  north  and  south 
walls,  between  Twentieth  and  Twenty -first  Sts. 

The  physical  qualities  and  other  properties  of  the  above-men- 
tioned stone  are  given  in  Table  No.  9. 
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Excavation  of  the  Core.     The  Bridges. 

Upon  the  completion  of  the  retaining  walls  and  bridge  abutments 
npon  the  north  and  south  sides  of  the  subway,  all  railroad  travel  was 
diverted  to  Hamilton  St.  (except  the  connection  with  the  grain  ele- 
vator and  Bement,  Miles  and  Company,  on  the  south  side  at  Twentieth 
St.,  which  was  maintained  over  the  construction  tracks  used  by  the 
contractors),  and  the  avenue  was  given  over  in  sections  to  the  work  of 
removing  the  core,  building  the  bridge  piers  between  the  main  walls, 
and  constructing  the  bridges.  This  work  was  embraced  in  Contract 
14,  which  extended  from  the  west  side  of  Thirteenth  St.  to  the  east 
portal  of  the  tunnel.  The  work  covered  the  completion  of  the  bridge 
abutments,  the  low  ends  of  the  inside  walls  of  the  several  inclines,  the 
bridge  piers,  the  construction  of  the  bridges  (except  railings),  the 
grading  and  paving  of  their  approaches,  the  railings  on  the  retaining 
walls  not  completed  on  other  contracts,  paving  all  adjacent  driveways 
and  sidewalks,  the  construction  of  the  drainage  ducts  in  the  subway, 
and  the  preparation  of  the  subgrade  for  the  permanent  tracks. 

All  the  work  was  done  at  unit  prices,  except  that  a  lump  sum  was 
bid  for  all  the  bridges  from  Broad  to  Twenty -first  Sts.v  inclusive, 
and  including,  also,  the  paving  of  the  decks  and  the  approaches. 

The  bridges  at  Sixteenth,  Seventeenth,  Eighteenth,  Nineteenth  and 
Twentieth  Sts.  were  erected  upon  the  core  as  false- work,  the  interme- 
diate piers  usually  being  constructed  in  pits.  Travel  was  maintained 
in  all  cases.  At  Twenty-first  St.,  travel  was  cut  off,  and  the  piers  were 
built  and  the  bridge  erected  after  the  excavation  was  made.  At  Fif- 
teenth St.,  travel  was  maintained  by  means  of  temporary  Howe 
trusses;  then  the  excavation  was  made,  the  piers  were  built  and  the 
bridge  erected.  At  Broad  St.,  half  the  street  was  closed  to  travel  at  a 
time;  then  the  excavation  was  made,  half  the  masonry  was  built  and 
half  the  bridge  erected  and  paved. 

The  excavated  material,  which  was  paid  for  by  the  cubic  yard,, 
without  classification,  including  the  cost  of  maintaining  travel,  was 
taken  through  the  subway  to  the  west,  and,  until  the  completion  of 
the  tunnel,  was  run  up  an  incline  at  the  east  end  of  the  tunnel  and 
taken  out  over  the  temporary  tracks.  The  contractor  had  an  arrange- 
ment with  the  railroad  company  by  which  he  loaded  cars  furnished 
by  the  company,  and  delivered  them  at  some  point  agreed  upon  on  the 
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temporary  tracks,  and  unloaded  them  after  the  railroad  company  had 
hauled  them  to  the  dump. 

The  greater  part  of  the  excavation  was  taken  out  by  means  of 
steam  shovels,  of  which  the  contractor  usually  had  three  at  work. 
About  500  000  cu.  yds.  were  used  by  the  railroad  company  to  fill  the 
approaches  to  the  Delaware  River  Bridge  at  Yardley,  on  the  New  York 
Division.  The  next  largest  amount  was  used  at  Woodlane,  on  the 
Beading  Division,  a  point  on  the  Schuylkill  River,  below  Consho- 
hooken,  Pa.,  where  it  was  used  to  make  a  railroad  yard.  A  consider- 
able quantity  of  the  rock  was  deposited  on  the  Atlantic  City  Division, 
on  the  meadows  between  Pleasantville  and  Atlantic  City,  N.  J.,  and 
the  remainder  was  delivered  at  scattered  points. 

The  highway  bridges  over  the  subway  are  all  of  the  plate-girder, 
deck  type,  with  solid  steel  floors  carrying  improved  paving.  The 
clearance  over  the  main  railroad  tracks  was  20  ft.:  over  the  side 
tracks,  15  ft.  Over  the  main  tracks  at  the  north  end  of  the  Broad  St. 
Bridge  a  special  clearance  of  18  ft.  was  agreed  upon,  so  as  to  prevent 
an  undue  change  of  the  street  grade.  Even  with  these  low  clearances 
it  was  necessary  to  change  the  elevation  of  Broad  St.  by  4.5  ft. ;  of  Fif- 
teenth St.,  by  5.1.  ft.,  and  of  Eighteenth  St.,  by  2.2  ft. 

In  all  cases  the  metal  curb  of  the  bridge  is  a  continuation  of  the 
stone  curb  of  the  approaches,  and  the  railings  are  upon  the  building 
lines,  thus  making  the  entire  bridge  structure  below  the  plane  of  the 
intersecting  street. 

Except  upon  the  bridge  at  Fifteenth  St.,  where  there  is  a  grade 
of  3.96%,  and  where  the  paving  is  vitrified  brick,  the  roadways  are 
paved  with  sheet  asphalt,  and,  in  all  cases,  the  sidewalks  are  grano- 
lithic. In  all  bridges,  expansion  is  provided  for  by  means  of  a  specially 
designed  joint. 

The  bridges  at  Fifteenth,  Sixteenth,  Seventeenth,  Eighteenth, 
Nineteenth  and  Twentieth  Sts.  carry  trolley  tracks.  The  rail  is  a  6-in.  y 
71 -lb.  section,  laid  upon  longitudinal  wooden  stringers  placed  in  the 
troughs  of  the  Z-bar  floor,  for  the  purposes  of  insulation.  The  rail 
joints  are  "cast  welded."  In  addition  to  the  cast  weld  a  J -in.  return 
copper  cable  is  placed  between  the  rails  and  connected  with  them  every 
10  ft.  to  assist  in  making  perfect  insulation. 

Upon  the  steel  deck  of  the  driveway  was  placed  bituminous  con- 
crete to  a  depth  to  cover  the  rivet  heads  on  the  upper  part  of  the 
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Z-floor  section,  in  the  gutters,  and  following  the  crowning  of  the 
street.  The  asphalt  wearing  surface  consisted  of  a  binder  coat,  1 
in.  in  thickness,  covered  by  the  wearing  surface  proper,  2  ins.  thick. 
The  troughs  of  the  sidewalks  were  filled  with  Portland  cement  con- 
crete finished  with  a  granolithic  wearing  surface.  Inlets  were  placed 
above  all  expansion  joints,  and  connected  with  the  sewers  beyond  the 
abutments. 

The  loads  used  in  the  design  of  all  bridges  on  the  lines  of  intersect- 
ing streets  consisted  of  the  following: 

1st.  The  dead  load. 

2d.  A  uniform  live  load  of  100  lbs.  per  square  foot. 

3d.  The  driveways  were  tested  with  a  concentrated   load   as 

follows: 
A  load  of  40  tons  equally  distributed  on  4  wheels  of  6  ft. 

gauge,  spaced  20  ft.  between  axles. 
4th.  All  sidewalk  details  were  proportioned  for  a  local  loading 

of  110  lbs.  per  square  foot. 

All  railroad  bridges  were  designed  under  the  standard  specifications 
of  the  Philadelphia  and  Reading  Railroad  Company. 

Complete  detailed  (not  shop)  drawings  were  prepared  for  all  the 
highway  bridge  work,  while  nothing  but  the  general  lines  of  the  rail- 
road bridges  was  given  for  the  purpose  of  bidding.  Fig.  10  shows 
a  typical  drawing  of  three  sections  of  a  highway  bridge. 

Generally,  the  sidewalks  were  carried  upon  overhanging  cantilever 
brackets,  mainly  on  account  of  the  additional  headroom  offered  where 
crossing  an  inclined  track  leading  to  some  industrial  establishment.  At 
Twentieth,  Sixteenth  and  Broad  Sts.,  a  line  of  girders  carried  the  out- 
side of  the  sidewalk  and  the  railing. 

All  steel  was  specified  to  be  made  by  the  "  open  hearth  "  process. 
When  made  in  an  "acid  furnace,"  the  phosphorus  was  required  not 
to  exceed  0.07%;  if  made  in  a  "  basic  furnace  "  the  limit  was  0.04  per 
cent.  The  metal  was  required  to  show  on  a  standard  test  piece  the 
following  results:  Tensile  strength,  57  000  to  65  000  lbs.  per  square  inch; 
elongation  in  8  ins.,  25%;  elastic  limit,  54%  of  the  tensile  strength. 
For  plates  over  16  ins.  wide,  the  elongation  was  to  be  22%,  and  for 
plates  over  42  ins.  wide,  20  per  cent.  Hot  and  cold-bending,  and 
quenching  tests  were  required. 
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As  to  painting,  all  steel,  before  leaving  the  rolling  mill,  and  before 
being  exposed  to  the  weather,  was  required  to  be  thoroughly  cleaned 
from  all  loose  black  scale,  and  given  one  coat  of  pure  raw  linseed  oil. 
Before  leaving  the  shop  it  was  again  required  to  be  thoroughly  cleaned 
and  a  heavy  coat  of  red  lead  paint  was  applied.  Two  additional  coats 
of  red  lead  tinted  with  lampblack  to  make  a  dark  chocolate  color  were 
applied  after  erection,  the  inaccessible  parts  after  erection  being 
painted  previously. 
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SECTION  ON  LINE  C-il 

Fig.  10. 

Tables  Nos.  10  and  11  give  the  results  of  the  tests  made  upon  the 
metal  in  the  bridges  on  this  contract  as  well  as  the  weights  of  each 
structure  and  the  weights  per  square  foot  of  the  metal -work.  It  will 
be  noticed  that,[in  the  tables  of  the  tests,  averages  of  all  the  tests  and 
analyses  are  given. 
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TABLE  No.  10. — Average  Physical  and  Chemical  Tests  of  Steel. 

(Basic  Open  Hearth.)     Contract  14. 


• 

Location  of  bridge. 

3 

• 

o 
55 

•  •  • 

186 
95 
17 
42 
40 
87 
28 
27 
81 
67 

516 

Elastic  limit. 

UlUmate 
strength. 

a 

a 
© 

§1 

ooo 
H 

25.00 

Reduction  of 
area. 

• 

1 

a 

! 

s 

Manganese. 

u 

ft 

3 

00 

Specification  requirements. 

0.54  ult.  I 

(65  000  j 

0.04 

0.17 
0.17 
0.16 
0.16 
0.18 
0.17 
0.15 
0.16 
0.17 
0.16 

0.48 

Broad  St 

86  810 

85  980 

86  470 

87  290 
86  790 

86  440 

87  610 
86  900 
86  560 
84  860 

60  720 
60  920 
60  490 

60  830 

61  890 
68  660 

60  160 

61  170 
61  180 
60  880 

29.28 
29.55 
80.86 
29.85 
29.88 
29.54 
29.11 
29.97 
29.60 

56.58 
56.60 
57.80 
56.80 
58.69 
57.90 
58.00 
58.70 
57.50 

0.027 
0.062 
0.023 
0.028 
0.026 
0.032 
0.028 
0.088 
0.082 
0.027 

0.041 

Fifteenth  8t 

0.421  0.042 

Driveway  west  of  15th  St. . . 
Seventeenth  St 

0.44 
0.48 
0.41 

0.086 
0.040 
0.040 

Eighteenth  St 

0.43   0.044 

Driveway  west  of  16th  St. . . 
Twentieth  St 

0.42   0.041 
0.41 1  0.040 
0.411  0.040 

Twenty-flrat  St 

81.40   56.80 

0.45   0.037 

. 

Averages 

86  210 

61  020 

29.84 

56.80 

0.165 

0.029 

0.42 

0.040 

The  following  standards  were  required  for  linseed  oil,  red  lead  and 
lampblack: 

"Raw  linseed  oil  must  be  well  settled  and  strictly  pure,  and  free 
from  resinous  and  mineral  oils  and  gums. 

"  Bed  lead  in  oil  must  be  of  a  good,  bright  color  and  finely  ground. 
The  pigment  must  contain  at  least  95%  of  red  oxide  of  lead;  no 
sample  will  be  accepted  that  contains  more  than  2%  of  foreign  matter 
that  is  vitrified,  or  that  contains  metallic  lead ;  or  that,  when  mixed 
with  linseed  oil  and  drying  Japan  without  grinding,  and  applied  in  a 
good  body  to  a  vertical  surface  of  iron,  will  not  dry  without;  running 
or  separating. 

"Lampblack  in  oil  must  be  finely  ground  to  a  stiff  paste.  No 
sample  will  be  accepted  which  is  not  equal  in  color  to,  or  has  a  less 
staining  power  than,  calcined  lampblack,  or  that  contains  empyreu- 
matic  matter,  or  carbon  black." 

Drainage  conduits,   shown  in  Fig.  11,  were  placed  generally  in 

the  center  of  the  subway,  the  cross-section  of  the  subgrade  being 

arranged  so  as  to  throw  all  the  water  to  them.    They  consist  of  an 

invert  of  concrete,  semi-circular  in  cross-section,  with  diameters  of  12 

or  15  ins.,  as  required,  and  placed  upon  a  sufficient  grade  to  carry  off 

all  the  water  falling  upon  the  subway,  or  from  adjacent  buildings,  to  a 

silt  basin  adjacent  to  the  deep  sewers  on  the  intersecting  streets.     The 

top  of  the  conduit  is  covered  with  flagstones  placed  on  top  of  brick 
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side- walls  laid  with  open  joints,  the  top  of  the  flag  being'designed  so 
as  to  be  from  12  to  24  ins.  below  the  top  of  the  rail.  Manholes  with 
cast-iron  frames  and  covers  are  placed  every  100  ft.,  to  afford  means  of 
cleaning.  The  depth  of  the  brickwork  is  constant,  stopping  at  sub- 
grade;  the  variable  depth,  required  on  account  of  the  grade  of  the  con- 
duit, being  made  in  the  concrete  work.     These  drains  have  proved  to 
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APPURTENANT  TO  THE  PENNSYLVANIA  AVE. 
SUBWAY  AND  TUNNEL. 

FlO.  11. 


be  very  effective.  They  were  paid  for  at  a  price  per  linear  foot  for 
each  diameter,  including  manholes  and  appurtenances.  As  the  grades 
were  shown  on  the  contract  drawings,  there  was  no  uncertainty  as  to 
bidding. 

The  principal  cost  of  the  several  more  important  items  is  shown  in 
able  No.  12. 
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TABLE  No.  12. 


Excavation 

Rubble  masonry,  above  neat  line 

Ashlar  masonry,  in  piers 

Rubble  masonry,  below  neat  line 


SO. 59  per  cubic  yard. 
5.75    " 

16.00    "       " 
5.00    "       **       " 
1 .26  per  linear  foot. 


Coping,  10  x  80  ins 

Bridges 298  000.00  lump  sum. 


Additional  steel -work 


Railing  No.  4 

Railing  No.  6 

Railing  for  Broad  St.  Bridge 

Granite  block  paving,  sand  base 

12-in.  drainage  conduit,  in  earth 1.80  per  linear  foot. 

18-in.  drainage  conduit,  in  rock 1.90    "       " 


0.0885  per  pound. 


1 .60  per  linear  foot. 
0.95    " 
22.00    "       4l 
2.60  per  square  yard. 


15-in.  drainage  conduit,  in  earth. 
15-in.  drainage  conduit,  in  rock. , 


1.90 
2.00 


11  41 


it 


The  total  amount  paid  under  this  contract  was  $736  038.92.  The 
contractors  were  Messrs.  E.  D.  Smith  and  Company,  for  whom  Mr. 
George  Bice  was  Engineer.  Work  was  begun  on  April  15th,  1897,  and 
was  finished  on  August  21st,  1899.  The  length  of  time  consumed  does 
not  by  any  means  represent  the  time  occupied  in  actual  construction* 
On  account  of  the  nature  of  the  work,  it  was  necessary  to  begin  on 
different  portions  of  it  as  the  other  contracts  were  completed. 

The  excavation  of  the  material  between  Twentieth  St.  and  the  east 
portal  of  the  tunnel  occupied  practically  13  months.  Nearly  all  this 
material  was  rock  which  was  rather  difficult  to  remove. 

Bridge  Ratlings. 

The  ornamental  railing  for  the  bridge  at  Broad  St.  was  included  in 
the  contract  for  the  bridges.  A  contract  was  entered  into  with  the 
North  Penn  Iron  Company  (Contract  46)  to  manufacture  and  place 
upon  all  the  other  bridges  cast-iron  railings  and  newels. 

The  work  was  done  at  unit  prices,  which  were  as  follows: 

Cast-iron  railing,  in  place 32. 73  per  linear  foot. 

Cast-iron  newels 7.80  each. 

Bronze  name-plates 19.50     " 

The  total  amount  paid  on  this  contract  was  $4  941.51. 

Railings. 

On  the  contracts  for  the  construction  of  retaining  walls,  prices 
were  generally  asked  for  railings  Nob.  4  and  6,  as  shown  on  Fig.  12. 
Where  the  face  of  the  wall  was  on  the  building  line  the  gas-pipe  rail- 
ing, No.  6,  was  used  throughout.  Where  a  driveway  or  foot  walk 
adjoined  the  wall,  No.  4  was  used. 
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Protecting  Bridges. 
In  1894,  when  the  abolishment  of  grade  crossings  on  Pennsylvania 
Ave.  was  first  seriously  considered,  the  City  and  the  railway  company 
jointly  rebuilt  a  bridge  on  the  line  of  Girard  Ave.  over  Pennsylvania 
Ave.,  to  the  west  of  the  subway  work,  with  a  clearance  of  only  17.5  ft. 


DESIGNS  OF  RAILINGS  FOR  PENNSYLVANIA  AVE.  SUBWAY  ANO  TUNNEL. 
Fio.  11. 


over  the  tracks.  It  was  decided  to  encase  the  entire  metal-work  on 
the  underside  of  the  bridge  with  tongued  and  grooved  white  pine 
boards,  and  to  paint  them  with  asbestos  paint. 

Five  years  after  the  bridge  had  been  erected,  an  examination  of  the 
metal-work  was  made,  which  showed  that  the  original  paint  was  prae- 
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tioally  intact,  and  that  the  paint  on  the  outside  of  the  wood  sheathing 
immediately  over  the  main  tracks  was  still  in  place  and  the  wood  in 
good  condition. 

In  view  of  this  experience,  and  upon  the  completion  of  the  bridge- 
work  in  the  subway,  it  was  decided  to  thoroughly  clean  all  the  metal- 
work,  give  all  the  bridges  that  crossed  streets  two  coats  of  white  lead 
body  paint  and  to  give  all  bridges  over  the  subway  a  coat  of  red  oxide 
of  iron  paint,  and  then  encase  all  the  last-named  bridges  with  sin- 
gle-faced, tongued  and  grooved  white  pine  fenoing,  in  widths  not  to 
exceed  4  ins.  After  the  completion  of  the  woodwork,  the  protective 
casing  was  painted  with  two  coats  of  asbestos  paint,  and  three  months 
thereafter  two  more  coats  were  applied. 

A  contract  for  this  work  was  made  with  Ryan  and  Kelley  (Contract 
67),  which  also  included  a  final  coat  of  paint  on  all  the  railings,  both 
on  the  bridges  and  retaining  walls;  the  protection  of  the  water  pipes 
which  were  suspended  from  the  bridges,  and  a  number  of  items  of 
general  cleaning  up.     (See  Figs.  13  and  14.) 

The  water  pipes  on  straight  sections  were  cased  as  follows : 

1st.  One  layer  of  No.  2  asbestos  roofing  and  insulating  felt. 
2d.    One  layer  of  1 -in.  hair  felt. 

3d.    One  layer  of  No.  2  asbestos  roofing*  and  insulating  felt. 
4th.  One  layer  of  1-in.  hair  felt.     Each  layer  to  be  wrapped 

with  tenfold  sail  twine. 
5th.  One  layer  of  resin-sized  sheathing. 
6th.  One  layer  of  three-ply  "A"  asbestos  roofing,  secured  with 

No.  17  galvanized -iron  wire. 

To  cover  the  bells  and  lapping  over  the  straight  sections,  the 
following  was  done : 

7th.  One  layer  of  No.  2  asbestos  roofing  and  insulating  felt. 

8th.  One  layer  of  1-in.  hair  felt. 

9th.  One  layer  of  resin-sized  sheathing. 

10th.  One  layer  of  canvas  with  the  ends  drawn  to  make  a  snug 
fit  against  the  asbestos  roofing  on  the  straight  sec- 
tions of  the  pipe;  outside  of  the  canvas  to  be  painted 
with  waterproof  composition. 

Three  6-in.,  one  10-in.,  and  one  20- in.  pipe  were  thus  covered;  the 
price  bid  per  linear  foot  being  irrespective  of  the  diameter.     The 
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work  on  this  contract  was  done  tinder  unit  prices,   of  which  the 
following  are  the  most  interesting: 

Painting  of  bridges $4  100.00 

Protection  of  bridges,  except  the  last 

two  coats  of  paint 89.00  per  thousand  feet,  B.  M. 

Last  two  coats  of  paint 1  790.00 

Painting  bridge  railings,  one  coat . .  0.12  per  linear  foot. 

Painting  No.  4  railings 0.09   "        " 

Painting  No.  6  railings 0.06 

Covering  water  pipes  on  bridges ...  1.50 

The  total  cost  of  the  work  done  was  $27  517.95. 

WOBK  ON,   AND  EAST  OP,    THIRTEENTH  STREET. 

The  entire  work  of  altering  the  grades  of  Thirteenth,  Callowhill, 
Hamilton,  Button  wood  and  Twelfth  Sts. ,  together  with  the  elevated 
portion  of  the  railroad  over  and  east  of  Thirteenth  St.  (except  laying- 
the  permanent  tracks),  was  included  in  Contract  12,  which  was 
awarded  to  Messrs.  P.  H.  Flynn  and  Company  on  July  28th,  1896.  All 
the  work  on  this  contract  was  paid  for  by  unit  prices,  except  the  steel 
work  of  the  bridges,  which  was  bid  for  in  a  lump  sum. 

Before  work  was  begun  the  double-track  railroad  approach  to  the 
Beading  Terminal  at  Twelfth  and  Market  Sts.  was  carried  on  a 
wrought-iron  viaduct  from  Callowhill  St.  east  of  Twelfth  to 
Thirteenth  and  Noble  Sts.,  and  thence  by  a  masonry  approach  to  the 
grade  of  the  old  street  at  Broad  and  Noble  Sts.  The  alignment  of  this 
part  of  the  structure  was  not  changed.  The  wrought-iron  viaduct 
between  Callowhill  and  Twelfth  Sts.  was  lowered  about  2  ft.  at 
Twelfth  St. ,  and  remained  unchanged  at  Callowhill  St. ,  the  grade  of 
Twelfth  St.  being  lowered  by  the  same  amount.  The  metal-work  of 
the  viaduct  was  blocked  up,  the  masonry  cut  down,  and  new  bearing 
plates  were  inserted,  to  suit  the  new  grade.  Twelfth  St.  is  crossed  by 
a  plate-girder,  half -through  span,  which  is  skewed  at  an  angle  of  66°  17' 
with  the  street,  and  consists  of  two  girders  28.5  ft.  from  center  to  center, 
supporting  the  ends  of  a  trough-floor  composed  of  plates  and  angles, 
the  troughs  being  20  ins.  deep.  The  ballast  and  ties  are  placed  in  the 
troughs  so  that  the  distance  from  the  top  of  the  rail  to  the  clearance 
line  of  the  street  below  is  a  minimum. 
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Between  Twelfth  and  Thirteenth  Sts.  the  old  metal  structure  was 
entirely  removed,  and  was  replaced  by  retaining  walls  of  rabble 
masonry  with  earth  filling  between. 

Between  Twelfth  and  •  Thirteenth  Sts. ,  on  the  south  side  of  the 
tracks,  is  located  a  coal  yard,  the  property  of  the  Philadelphia  and 
Beading  Railway  Company.  This  was  excavated  to  an  average  depth 
of  10  ft.  and  connected  with  the  Terminal  tracks  west  of  Thirteenth 
St.  by  means  of  two  sidings.  At  Thirteenth  St.  the  two  railroad 
tracks  which  are  on  Noble  St. ,  and  extend  to  the  Delaware  River,  con- 
nect with  the  Terminal  tracks.  The  bridge  at  Thirteenth  St.  has  pro- 
vision for  a  highway  passageway  on  the  north,  on  the  line  of  Noble  St. 
and  six  railroad  tracks  to  the  south.  It  is  a  steel,  half -through,  plate- 
girder  bridge  which  has  a  solid  steel  floor  and  is  very  badly  skewed. 
The  steel  floor  rests  upon  the  bottom  chord  of  the  plate  girders.  The 
drainage  is  effected  with  bituminous  concrete,  placed  in  the  bottom  of 
the  troughs  and  sloped  toward  the  center,  where  a  hole  is  provided  to 
allow  the  water  to  pass  through  and  into  a  half-round  gutter  of  skelp- 
iron,  leading  to  a  vertical  pipe  fastened  to  the  abutment,  and  thence  into 
the  sewer.  Ballast  is  placed  directly  over  this  bituminous  concrete. 
The  highway  portion  of  the  bridge  is  of  a  solid-steel  trough  section  in 
the  floor,  covered  with  bituminous  concrete  and  paved  with  granite 
blocks.    The  total  weight  of  the  steel  in  this  bridge  is  610  754  lbs. 

The  grade  of  Thirteenth  St.  at  the  intersection  of  Noble  St.  is 
lowered  13.6  ft.,  and  this  is  the  deepest  point  in  the  depression. 
From  this  point  the  new  grade  ascends  to  the  north  at  the  rate  of 
3.7%,  reaching  the  grade  of  the  old  street  at  Nectarine  St.,  a  dis- 
tance of  4.71  ft.  On  the  south,  the  ascending  grade  is  at  the  rate  of 
3.5%,  reaching  the  original  grade  of  the  street  at  Carlton  St.,  a  dist- 
ance of  388  ft.  On  the  west  side,  just  south  of  Noble  St.,  is  the 
depressed  freight  yard  of  the  subway,  the  main  driveway  of  which 
meets  the  level  of  Thirteenth  St.,  and  thus  makes  an  access  to  the 
depressed  yard. 

To  the  north  of  Noble  St.  there  are  a  number  of  large  buildings; 
on  the  south  the  number  is  smaller.  Before  any  steps  were  taken  to 
change  the  grade  of  the  street,  the  foundations  of  all  structures  on 
Thirteenth,  Callowhill,  and  Hamilton  Sts.  were  underpinned  and  car- 
ried down  below  the  new  grade  of  the  street,  generally  to  a  depth  of 
3  ft.  below  the  new  pavement  subgrade.     On  account  of  the  impracti- 
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cability  of  making  any  arrangements  with  the  property  owners  as  to 
the  future  adjustments  of  their  buildings,  the  underpinning  was  made 
with  rubble  masonry  laid  in  Portland  cement  mortar,  the  wall  being 
flash  with  the  face,  and  of  the  same  thickness  as  the  foundation,  of  the 
old  building.     This  work  was  done  in  sections,  the  trench  excavated 
in  front  of  the  buildings  generally  being  3  ft.  wide.    As  fast  as  the 
underpinning  was  completed,  a  temporary  sidewalk  of  yellow  pine 
was  placed  over  it,  so  as  to  interfere  as  little  as  possible  with  the  access 
to  the  properties.     This  underpinning  was  paid  for  by  the  cubic  yard, 
the  price  being  $20.     In  this  price  was  included  all  shoring,  sheathing, 
excavation,  and  all  appurtenances.     It  was  very  successfully  carried 
on,  without  any  injury  whatever  to  the  structures  along  the  work. 

Upon  the  completion  of  the  underpinning,  the  excavation  of  the 
street  was  begun  at  a  number  of  points.  Before  it  was  actually  com- 
menced, the  street -car  traffic,  by  agreement  between  the  contractors 
and  the  Traction  Company,  was  diverted  to  Twelfth  St.  by  means  of 
a  loop.  One  of  the  large  electric  feeders  of  the  Union  Traction  Com- 
pany, consisting  of  a  number  of  ducts  surrounded  by  concrete,  was 
located  on  the  east  side  of  the  street.  The  Traction  Company  drove 
two  rows  of  piles,  opposite  each  other,  on  either  side  of  the  conduit, 
at  intervals  of  about  12  ft.,  the  piles  being  driven  well  below  the  new 
subgrade.  Excavation  was  then  made  from  pile  to  pile  beneath  the 
conduit,  and  a  heavy  cross-piece  was  placed  beneath  the  conduit  and 
bolted  to  the  piles.  This  remained  until  the  excavated  material  in 
the  street  was  removed.  Then  a  new  excavation  was  made,  a  new 
conduit  placed  in  it,  new  cables  were  drawn  and  connected  up,  and  the 
old  conduit  was  broken  up  and  removed. 

As  the  excavation  proceeded,  the  new  sewer  was  laid  on  the  west 
side  of  the  street,  and  all  house  connections  were  made  to  it.  The 
water  and  gas  mains  were  also  lowered,  and  all  connections  were  made 
to  the  house  line.  The  streets  were  finally  paved  between  the  curb 
lines  with  granite  blocks  on  a  6-in.  concrete  base,  and  the  sidewalks 
generally  with  brick,  except  where  some  other  class  formerly  existed. 

Considerable  delay  was  caused  for  some  time  by  being  unable  to  do 
away  with  the  temporary  railroad  crossing  on  Hamilton  St.  When 
this  track  was  finally  abandoned,  the  travel  was  taken  from  Noble  St. 
into  the  subway,  and  up  the  grade  at  Sixteenth  St.  on  the  temporary 
tracks  again  at  Sixteenth  and  Hamilton  Sts.     The  abandonment  of  the 
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track  crossing  Thirteenth  St.  enabled  the  change  of  grade  to  be 

finished  on  that  street  and  on  Hamilton  St.,  and  the  work  completed 

on  that  contract. 

The  most  interesting  prices  on  this  contract  are  shown  in  Table 

No.  13. 

TABLE  No.  13. 


Excavation  (unclassified) 

Rubble  masonry,  above  neat  line 

Ashlar  abutment  masonry  (rubble  backing) .. 

<Coptng  (10  z  80  ins. ) 

Rubble  masonry  underpinning,  including  excavation 

Repavlng  with  granite  block  on  new  6-in.  concrete  base 

Paving  with  granite  block  on  6-in.  concrete  base 

Brick  sidewalk  paving 

Sewer,  2  ft.  9  ins.  diameter 

Sewer,  1  ft.  8  ins.  diameter 

Sewer,  2  ft.  6  ins.  diameter 

Yellow  pine  lumber  in  trestles,  etc 

Steel-work  in  bridges  at  Twelfth  and  Thirteenth  Sts.,  and  ad- 
justment of  old  work 


90.66  per  cubic  yard. 
6.00    '»       "        " 
8.62    "       "         »' 
2.25  per  linear  foot. 

20.00  per  cubic  yard. 
1 .60  per  square  yard. 
2.76    " 
1.00    "       " 
2.25  per  linear  foot. 
2.00    "       "        u 
2  25    u        4i         " 

27*.  00  per  M.  ft.B.  M. 

86  695.00. 


Work  was  started  on  this  contract  on  November  12th,  1897,  and 
final  payment  was  made  on  November  28th,  1899.  The  total  amount 
paid  under  the  contract  was  $152  442.94. 

Changes' in  Plan  Between  Sixteenth  and  Seventeenth  Streets. 

On  account  of  the  changes  already  referred  to  on  Pennsylvania 
Ave.,  between  Sixteenth  and  Seventeenth  Sts.,  the  contract  with  P. 
H.  Flynn  and  Company  was  terminated  on  the  south  side  of  the  street, 
and  Contract  44  was  executed  with  E.  D.  Smith  and  Company  to  com- 
plete the  work  on  the  revised  plans.  The  work  was  paid  for  at  unit 
prices,  of  which  the  following  are  of  interest: 

Tearing  down  old  masonry $1.00  per  cubic  yard. 

Excavation,  unclassified 1.00   "        "        " 

Bubble  masonry,  below  neat  line 5.50 

Bubble  masonry,  above  neat  line 6.00 

Bock- faced  ashlar,  rubble  backing 8  50 

The  total  amount  paid  on  this  contract  was  $13  444.48. 


<<        n        <( 
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Special  Connection  North  of  Nineteenth  Street. 

On  the  north  side  of  the  subway,  between  Nineteenth  and  Twen- 
tieth Sts.,  is  located  the  works  of  a  manufacturer  of  malleable  and 
steel  castings.     After  the  plans  were  completed  it  was  desired  to  con- 
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nect  these  works  with  the  subway.  Plans  were  prepared  to  connect 
with  the  tracks  at  the  subway  level  by  means  of  a  hydraulic  lift  placed 
upon  the  property  of  the  manufacturer.  This  lift  was  provided  by 
the  owner  of  the  property,  and  its  cost  was  included  in  his  claim  for 
damages.  It  is  designed  to  lift  a  single  car  from  the  new  to  the  old 
level,  and  is  operated  by  a  single  vertical  hydraulic  cylinder.  The 
City  made  all  the  excavations  for  the  lift,  dug  the  hole  for  the 
hydraulic  cylinder,  walled  in  the  whole  excavation,  built  a  bridge  on 
the  line  of  the  sidewalk  on  the  high  level,  and  reconstructed  the 
building  over  the  lift.  The  work  was  done  under  contract  with  E.  D. 
Smith  and  Company  (Contract  41),  the  total  amount  paid  being- 
919  904.20. 

Changes  in  Water  and  Gas  Mains. 

One  of  the  most  troublesome,  and,  in  some  cases,  difficult  parts  of 
the  work  was  the  readjustment  of  the  water  and  gas  mains  which 
were  interfered  with. 

Water  Mains. — On  account  of  the  necessity  of  having  the  change* 
at  all  times  under  the  control  of  the  proper  municipal  authorities, 
arrangements  were  made  to  advertise  for  the  pipe,  specials,  valves, 
lead,  gasket,  etc.,  and  have  the  actual  work  of  making  the  changes 
performed  by  the  employees  of  the  Bureau  of  Water,  the  several  con- 
tractors, however,  making  the  necessary  excavations  and  doing  all  the 
back-filling.  The  cost  of  the  labor  performed  by  the  Bureau  of  Water 
was  kept  separate  from  their  other  work.  The  cost  of  the  labor  of 
making  the  changes  hereafter  described  amounted  to  $84  579.35. 
The  pipe  and  specials  furnished  under  Contract  85  with  the  McNeal 
Pipe  and  Foundry  Company  amounted  to  $14  968.70,  and  the  lead 
and  gasket  furnished  under  Contracts  86  and  39  amounted  to  $1  428.14, 
making  the  total  cost  of  the  water-pipe  changes  $50  976.19. 

Outside  of  the  relaying  of  several  small  mains  caused  by  the  change 
of  grade  of  Thirteenth  St.,  and  the  carrying  of  the  6,  8  and  10-in. 
mains  over  the  bridges  at  Sixteenth,  Eighteenth  and  Twentieth  Sts., 
as  well  as  other  small  mains  west  of  Twenty -second  St. ,  the  principal 
work  was  as  follows: 

Lowering  the  30-in.  mains  on  Broad  St.  to  pass  through  the  piers 
and  abutments,  and  beneath  the  tracks;  lowering  a  6-in.  main  on  Sev- 
enteenth St.  in  the  same  manner;  excavating  two  tunnels  through  the 
rock  on  the  east  and  west  sides  of  Twenty-first  St. ,  before  the  core  of 
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the  subway  was  removed;  placing  a  48-in.  and  a  6-in.  main  in  one,  and 
a  20-in.  and  a  24-in.  main  in  the  other.  These  tunnels  were  driven  at 
such  a  depth  that  when  the  pipes  were  laid  and  covered  with  3  ft.  of 
earth  the  top  would  be  removed  in  excavating  the  core  of  the  subway 
to  subgrade,  thus  removing  the  rook  from  between  the  mains  and  the 
subgrade  of  the  tracks. 

An  old  line  of  22-in.  main  on  Pennsylvania  Ave.,  laid  in  1819,  was 
removed,  and  a  new  line  of  24-in.  pipe  was  laid  on  the  north  side  of  the 
tunnel  to  replace  it.  The  old  pipe  was  found  to  be  in  remarkably  good 
condition  after  78  years  of  continuous  service.  The  corrosion  on  the 
interior  surface  was  found  to  displace  about  4.2%  of  the  original  area. 

From  Twenty -second  St.  to  the  west  the  pipe  lines  cross  the  work 
over  the  top  of  the  tunnel.  Difficulty,  however,  was  encountered  on 
the  line  of  Twenty -fourth  St.,  Green  St.  and  Fairmount  Ave. ,  where 
the  mains  are  48  ins.  in  diameter,  in  providing  the  necessary  room  be- 
tween the  top  of  the  tunnel  and  the  street  above.  The  method  of 
overcoming  this  difficulty  has  already  been  described. 

Gas  Mains. — The  same  general  method  of  procedure  was  agreed 
upon  with  regard  to  the  gas  mains,  but,  before  the  work  had  advanced 
very  far,  the  Gas-Works  of  the  City  were  acquired  under  a  lease  with 
The  United  Gas  Improvement  Company,  who  were  obligated,  under 
their  agreement,  to  make  all  the  necessary  changes.  Under  Contract 
37,  material  to  the  value  of  81  437.33  was  furnished,  but  no  account 
of  the  labor  for  making  the  necessary  changes  is  available.  On  the 
line  of  Broad  St.  a  30-in.  main  was  divided  up  into  four  12- in.  mains, 
and  carried  across  the  yard  on  the  under  side  of  the  floor.  The  Gas 
Company  also  laid  an  additional  24-in.  main  beneath  the  tracks. 

Permanent  Tbacks. 

As  fast  as  the  excavation  of  the  subway  and  tunnel  was  completed, 
and  the  subgrade  prepared  on  the  elevated  portion  of  the  work,  the 
construction  of  the  permanent  tracks  was  begun  by  Contractors 
Ryan  and  Kelley,  under  Contract  30.  The  contract,  besides  covering 
all  the  traokwork  of  a  permanent  nature,  included  the  removal  of  the 
temporary  tracks  and  the  restoration  and  repaving  of  such  portions  of 
the  work  as  should  be  directed  by  the  Chief  Engineer.  The  track- 
work  proper,  including  the  removal  of  the  temporary  tracks,  was  bid 
for  in  a  lump  sum,  there  being  unit  prices  for  all  the  work  of  street 
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restoration.  All  the  material  in  the  temporary  tracks  became  the 
property  of  the  contractor  for  the  permanent  tracks,  and  he  was 
required  to  make  allowance  therefor  in  his  bid  on  the  work. 

The  four  main  tracks  were  required  to  be  ballasted  with  good, 
hard,  durable,  broken  stone,  crushed  or  broken  into  fragments  which 
would  pass  a  2J-in.  ring  in  any  direction,  and  be  perfectly  free  from 
dirt  or  any  other  admixture  before  being  spread.  It  was  laid  to  the 
lines  shown  on  the  drawings,  with  a  minimum  depth  of  8  ins.  beneath 
the  tie  at  any  point.  The  specifications  allowed  the  use  of  clean, 
hard,  vitrified,  blast-furnace  slag,  in  place  of  the  stone,  in  the  yards 
and  on  sidings,  but  very  little  of  it  was  used  on  the  work,  on  account 
of  the  difficulty  of  procuring  a  satisfactory  quality. 

The  four  main  tracks  were  laid  with  first-class,  white  oak  ties,  laid 
sixteen  to  each  30-ft.  rail.  For  the  sidings  and  yard  tracks,  the  speci- 
fications allowed  the  use  of  20%'  of  second-class  ties.  First-class  ties 
were  8J  ft.  long,  7  ins.  thick,  and  not  more  than  14  nor  less  than  7  ins. 
wide.  Second-class  ties  were  to  be  the  same  as  first  class,  but  not  less 
than  6  ins.  face. 

The  rails  of  the  four  main  tracks  weigh  90  lbs.  per  yard,  and  the 
sidings  and  yard  tracks,  80  lbs. ;  the  sections  for  these  weights  being 
the  standards  of  the  Philadelphia  and  Beading  Railway  Company. 
The  chemical  composition  of  the  rails  is  shown  in  Table  No.  14. 

TABLE  No.  14. 


Elements. 


Carbon 

Silicon 

Manganese 

Phosphorus 

Sulphur 

Rails  having  carbon  below,  will  be  absolutely  rejected. 
Rails  having  carbon  above,  will  be  absolutely  rejected. 


80-lb.  rails. 


0.65  to  0.60 
0.16  to  0.30 
1.10  to  1.80 

0.06 

0.069 

0.68 

0.66 


90-lb.  rails. 


O.GOtoO.06 
0.15  to  0.90 
1.15  to  1.35 

0.06 

0.060 

0.56 

0.6? 


The  drop-test  required  that  one  rail  butt  be  taken  from  each  heat, 
and  that  90%  of  the  specimens  must  stand  without  breaking,  and  that 
in  cases  where  the  broken  butts  do  not  show  an  elongation  of  i%  per 
inch  under  greatest  tension,  the  rails  of  the  heat  are  to  be  held 
until  a  piece  can  be  cut  from  one  and  tested  under  the  drop.  Then, 
if  it  fails  to  show  the  4%  elongation  before  breaking,  the  entire  lot  of 
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rails  made  from  that  heat  shall  be  subject  to  rejection.     The  loads, 

height  of  drop,  etc.,  were  as  follows: 

Weight  per  yard.  Height  of  drop.  Distance  of  supports. 

80  and  90  lbs.  20  ft.  3  ft. 

All  frogs,  switches,  spikes  and  other  track  details  were  made  from 
the  standard  patterns  and  drawings  of  the  railway  company. 

Before  any  material  was  ordered  by  the  contractors,  the  City  pre- 
pared working  plans  of  the  tracks,  showing  the  definite  location  of  all 
frogs,  switches,  special  ties,  etc.  These  plans  were  used  by  the  con- 
tractor in  ordering,  by  the  engineers  in  the  field  in  laying  out  the 
work,  and  by  the  contractors  for  the  interlocking  switches  and  signals. 
They  proved  to  be  of  great  value  in  expediting  the  work  and  prevent- 
ing errors.     Plate  VIII  shows  this  work  in  the  Twentieth  St.  yard. 

The  tracks  on  the  north  side  of  the  yard,  between  Thirteenth  and 
Sixteenth  Sts.,  as  well  as  the  two  main  tracks  between  these  streets, 
were  first  completed,  and,  as  fast  as  the  subgrade  was  finished,  two 
tracks  were  extended  to  the  west  through  the  subway  and  tunnel  to 
the  end  of  the  work  at  Thirtieth  St.  The  railway  company  then  began 
carrying  some  of  its  regular  freight  business  on  these  lines,  and  the 
work  of  removing  a  portion  of  the  temporary  tracks  was  begun.  An 
effort  was  made  to  connect  all  the  industrial  establishments  on  the 
south  side  of  the  line  with  these  tracks,  so  as  to  facilitate  business. 
The  last  of  the  track  laying  was  done  in  the  freight  yard  at  Twentieth 
St.,  and  on  the  upper  level  of  Sixteenth  and  Hamilton  Sts.  The  last 
of  the  temporary  tracks  removed  was  on  the  high  level  between 
Twenty-sixth  and  Thirtieth  Sts. 

Hamilton  St. ,  for  most  of  the  distance  between  Broad  St.  and  Penn- 
sylvania Ave. ,  was  originally  paved  with  cobble,  and  as  it  was  decided 
during  the  construction  of  the  work  to  repave  it  with  new  granite 
blocks,  for  which  there  was  no  price  in  this  contract,  arrangements 
were  made  to  advertise  for  it  under  Contract  57. 

Work  was  begun  on  this  contract  on  August  1st,  1898,  but,  on  ac- 
count of  the  conditions  existing  on  the  other  contracts,  which  pre- 
vented any  large  or  continuous  force  being  employed,  it  was  not 
•completed  until  September  9th,  1900. 

The  most  interesting  prices  on  the  contract  are  as  follows: 

Track  laying,  with  all  appurtenances $209  453.00 

Asphalt  block  repaving $2.50  per  square  yard. 

Sheet  asphalt  paving,  6-in.  concrete  base. .  2.60   " 
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The  total  amount  expended  under  the  contract  was  $288  036.47. 

The  more  important  quantities  embraced  under  the  lump-sum  bid 
are  as  follows  : 

27  584.21  ft.  of  single  track  with  80-lb.  rail,  ballasted. 
41 244.26    "        "         "        "    90  "     "  " 

1 732.22    "        "         "        "    80  "     «'      on  trestle. 

1  560. 00    « «        "         "        "    80  « «     « 4      on  timbers  in  engine-house. 

2  226.01     "        "         "        "    88  "  tram  rail  laid  in  paved  streets. 
54  448  ft.  of  temporary  track  were  removed. 

Restoration  of  Hamilton  Stbebt. 

The  contractor  for  the  permanent  tracks,  as  part  of  his  contract, 
was  required  to  remove  the  temporary  tracks  from  Hamilton  St.,  and 
a  contract  was  made  with  Michael  O'Bourke  (Contract  56)  for  restor- 
ing the  paving,  resetting  old  and  furnishing  new  curb,  reconstructing 
inlets  and  manholes,  and  replacing  the  industrial  track  connections 
crossing  the  street.  The  work  was  done  at  the  following  unit  prices: 
New  granite  block  paving,  6-in.  concrete  base.  .$2.40  per  square  yard. 

Besetting  old  curb 0.25   "  linear  foot. 

New  crossing  stones,  20  ins.  wide 1.00   "       "         " 

There  were  also  a  large  number  of  other  items  covering  all  classes 
of  reconstruction,  none  of  which  is  of  special  interest. 

The  total  cost  of  the  work  was  $86  541.70. 

Gdabd  Balls  on  b%  Inclines. 

A  contract,  known  as  Contract  51,  was  entered  into  with  Wilkins 
and  Kuemmerle,  which  consisted  in  furnishing  and  laying  additional 
guard  rails  on  the  metal  approach  from  Twelfth  to  Callowhill  Sts. ; 
on  the  b%  grades  beneath  the  bridges,  and  in  some  special  cases 
in  the  yards.  These  guard  rails,  when  planed  to  give  2 J  ins.  between 
the  heads,  weigh  80  lbs.  per  yard.  They  were  furnished  at  a  cost  of 
40  cents  per  linear  foot,  while  the  same,  unplaned,  were  furnished  at 
50  cents  per  foot.     The  total  cost  of  this  work  amounted  to  $5  220. 10. 

Fbeight  Bumpers. 

The    freight    bumpers  were    of    the    Philadelphia  and  Beading 
standard,   and  were  furnished  under  Contract  53  with  By  an  and 
Kelley.     They  were  of  three  kinds,  and  the  prices  for  the  bumpers, 
delivered  and  set  in  place,  were  as  follows: 
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Standard  high  bumpers,  28  pieces,  each $200.00 

"  "  «'         on  trestle,  4  pieces,  each. . .        156.60 

"  "  "         against  walls,  6  pieces,  each.  80.00 

The  same  contract  covered  three  special  steel  bumpers  on  the 
bridge  at  Sixteenth  St. ,  at  a  total  cost  of  SI  525,  and  some  additional 
items  in  connection  with  finishing  the  work  at  Sixteenth  and  Twenty- 
first  Sts.  The  total  payments  for  all  the  work  on  this  contract 
Amounted  to  $11  551. 

Interlocking  Switches  and  Signals. 

The  main  tracks,  from  the  connection  with  the  tracks  leading  to  the 
Beading  Terminal  to  the  east  portal  of  the  tunnel,  are  controlled  by 
means  of  a  complete  system  of  interlocking  switches  and  signals.  This 
work  was  bid  for  in  a  lump  sum,  bids  being  asked  upon  a  general 
specification  requiring  the  submission  of  a  general  plan  and  detailed 
specifications  with  the  bid.  The  work  was  awarded  to  Messrs.  E.  D. 
Smith  and  Company,  who  presented  a  plan  and  specifications  prepared 
by  the  National  Switch  and  Signal  Company,  of  Easton,  Pa.  In  the 
original  specifications,  either  a  manual  or  an  electro-pneumatic  system 
was  stated  to  be  satisfactory. 

The  scope  of  the  work  is  best  indicated  by  the  description  of  the 

signal  towers,  which  is  as  follows: 

"  Tower  No.  1  on  the  west  side  of  Broad  St.  will  operate  all  switches 
and  signals  from  the  east  of  Thirteenth  St.  to  a  point  west  of  Fifteenth 
St.     This  tower  contains  51  active  levers  and  5  blanks  (for  future  ex- 
tensions) for  the  operation  of — 
35  switches, 
5  movable-point'frogs, 
1  Scotch  block, 

34  facing-point  locks, 
32  signals. 

"From  the  point  west  of  Fifteenth  St.  to  a  point  east  of  Twentieth 
St. ,  switches  will  be  operated  from  Tower  No.  2,  which  is  on  the  line 
of  Seventeenth  St.  in  a  recess  in  the  north  abutment  of  the  bridge. 
This  tower  contains  a  machine  with  51  active  levers  and  5  blanks  for 
the  operation  of — 

35  switches, 

5  movable-point  frogs, 

1  Scotch  block, 
11  looks, 

34  facing-point  locks, 
32  signals. 
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"  From  the  point  east  of  Twentieth  St.  to  the  east  portal  of  the 
tunnel,  all  the  switches  and  signals  are  operated  from  Tower  No.  3, 
whioh  is  located  immediately  east  of  Twenty-first  St.,  which  contains- 
a  machine  having  75  active  levers  and  5  blanks  for  the  operation  of — 
46  switches, 

7  movable-point  frogs, 
10  locks, 

50  facing-point  locks, 
44  signals. 

The  system  used  is  a  mannal  one,  and  the  following  are  some  of  the 
principal  features.  The  pipe  line  carriers  were  spaced  8  ft.  apart,  the 
wire  pulleys  24  ft.  apart. 

Machines. — The  levers  are  pivoted  on  a  common  center,  spaced  5> 
ins.  from  center  to  center.  The  top  plates  and  girders  are  made  in 
sections  for  four  and  eight  levers.  The  switch  and  lock  levers  are  in 
the  center.  The  locking  is  preliminary  latch  locking;  the  first  act  in 
the  operation  of  the  lever  is  to  lock  all  conflicting  levers. 

The  main  pipe  lines  are  2}  ins.  between  centers.  The  pipe  is  of  iron 
or  steel,  1  in.  in  diameter.  All  lengths  of  pipe  of  more  than  100  ft.  are 
compensated,  and  additional  compensation  is  provided  for  all  lengths 
of  more  than  700  ft.  The  compensator  foundations  are  of  oak,  with 
concrete. 

Detector  bars  are  provided,  as  shown  on  the  detailed  plans,  45  ft. 
long,  with  12  clips  to  each  bar  which  rises  ]  in.  above  the  top  of  the 
rail. 

The  wire  is  single-strand,  No.  9,  galvanized  steel,  the  tensile 
strength  being  not  less  than  1  300  lbs.  and  the  elongation  from  4  to  8 
per  cent. 

The  signals  are  of  standard  semaphore  type. 

The  contract  price  for  all  the  foregoing  work,  completed  and  in 
place,  was  885  000.  The  work  was  begun  at  the  tower  at  Broad  St., 
and  was  carried  on  as  fast  as  the  construction  of  the  permanent 
track  allowed.  Work  was  begun  on  August  25th,  1898,  and  the  final, 
payment  was  made  on  July  5th,  1900.  The  total  amount  paid  was 
$86  376. 

In  addition  to  the  work  of  the  interlocking,  under  this  contract,  the 
entire  length  of  the  subway  is  equipped  with  Hall  automatic  block 
signals,  which  were  separately  contracted  for  by  the  Philadelphia  and 
Beading  Railway  Company. 
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Telegraph  Service. 

During  the  construction  of  the  work,  the  overhead  telegraph  wires 
were  removed,  a  temporary  cable  was  purchased,  under  Contract  88 
with  the  Western  Electric  Company,  and  was  laid  by  the  Electrical 
Bureau  in  a  City  duct  from  Twelfth  and  Callowhill  Sts.  to  Thirty-first 
St.  and  Girard  Ave. ,  entirely  outside  of  the  line  of  the  work.  The 
cable  consisted  of  40  wires  of  No.  16,  B.  &  S.  gauge,  and  18  wires  of 
the  same  gauge,  twisted  in  pairs,  all  properly  insulated  and  lead 
covered.  Connections  were  made  at  the  railroad  offices  at  Sixteenth 
and  Hamilton  and  at  Twentieth  and  Hamilton  Sts.  There  were  15  968 
ft.  of  temporary  cable,  costing  $4  468.24. 

The  permanent  telegraph  and  telephone  line  was  laid  below  ground 
in  the  subway  in  a  three-duct  creosoted  conduit.  As  the  capacity 
asked  for  by  the  railroad  company  was  in  excess  of  that  which  they 
originally  had,  a  special  agreement  was  made  whereby  the  railroad 
company  furnished  the  ducts,  and  the  City,  under  the  subway  account, 
furnished  the  cable,  the  junction  boxes,  the  manhole  frames  and  the 
covers,  and  laid  the  cable  by  day's  labor  on  the  pay  rolls  of  the 
Electrical  Bureau. 

The  permanent  cable  consists  of  10  wires  of  No.  14,  B.  &  S.  gauge, 
twisted  in  pairs,  and  40  wires  of  No.  14,  B.  &  S.  gauge,  insulated  with 
manila  rope  paper,  and  lead  covered.  There  were  11  272  ft.  of  cable, 
costing  #5  083.68,  which  was  furnished  under  Contract  55  with  the 
Standard  Underground  Cable  Company. 

Coal  Yabd,  Fifteenth  and  Caulowhill  Stbeets. 

It  was  originally  intended  to  construct  a  large  coal-handling  plant 
at  Fifteenth  and  Callowhill  Sts.  The  plans  were  modified  at  the  sug- 
gestion of  the  railway  company,  and  a  coal  yard  was  constructed 
under  contract  with  Byan  and  Eelley  (Contract  49).  The  yard  con- 
sists of  a  wooden  coal  trestle  connecting  with  the  high-level  tracks  at 
Sixteenth  St.  and  Pennsylvania  Ave. ,  and  provided  with  the  necessary 
bins.  An  office  and  a  two-story  stable  were  included,  and  the  yard 
was  paved  with  granite  blocks.  The  work  was  done  under  the  following 
unit  prices: 

Stable $2  700.00 

Office  building  and  scale 1  300.00 

Track  and  trestle 2  950.00 
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Excavation,  unclassified 0. 75  per  cnbic  yard. 

Bubble  masonry,  above  neat  line 5.50  "       "         " 

Bubble  masonry,  below  neat  line 5.00   "       "         " 

Paving  with  granite  block,  sand  base 1.75   "  square  yard. 

Derailing  switches  in  subway 50.00  each. 

The  total  amount  paid  was  $19  401.61. 

Locomotive  Coaling  Station,  Twentieth  Street  Yakd. 

Immediately  to  the  west  of  the  engine-house  in  the  Twentieth  St. 
yard,  and  located  so  as  to  span  all  the  tracks  leading  therefrom,  as 
well  as  the  four  main  tracks  in  the  subway,  there  is  a  locomotive 
coaling  station,  constructed  under  Contract  27  with  the  Link  Belt 
Engineering  Company. 

It  consists  essentially  of  a  storage  pocket  for  coal  and  ashes,  and  a 
coaling  bridge. 

The  storage  pocket,  22  ft.  wide,  52  ft.  high  and  about  136  ft.  long, 
is  divided  into  two  compartments.  One  compartment  is  for  coal  and 
the  other  is  a  pocket,  9  ft.  4  ins.  wide  and  20  ft.  long,  for  ashes.  The 
pockets  are  carried  on  steel  posts  supported  on  masonry  piers.  The 
framework  is  of  steel  Bheathed  on  the  inside  with3-in.  closely  matched, 
yellow  pine,  and  on  the  outside  with  No.  22,  galvanized,  corrugated 
iron.     The  ash  pocket  is  lined  inside  with  concrete. 

The  coaling  bridge  consists  of  steel  trusses,  closed  in  and  roofed 
over.  It  is  provided  with  two  lines  of  coaling  tracks  with  turn-tables. 
There  are  six  openings  for  discharging  directly  into  locomotives  and 
into  two  loading  hoppers,  each  of  4  tons  capacity.  The  coal  elevator 
is  of  the  gravity  discharge  type,  with  a  capacity  of  120  tons  of  coal  per 
hour.  The  necessary  engine  power  is  included  under  the  contract.  The 
oost  of  the  plant  was  $59  458.13. 

Locomotive  Water  Supply. 

The  arrangements^for  supplying  engines  with  water  were  included 
under  Contract  50  with  McParland  and  Butler,  and  consisted  gen- 
erally in  furnishing  four  water  columns,  situated  in  the  railroad 
yards,  and  making  water  and  drainage  connections  to  two  others 
which  were  furnished  by  the  railway  company,  which  also  supplied  the 
tanks.  The  total  cost  of  the  work  was  $4  766.62.  The  principal 
items  for  payment  on  this  contract  were  as  follows: 
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Excavation  (not  classified) $0.80  per  cubic  yard. 

8-in.  cast-iron  pipe 0.47    "    linear  foot. 

4  "  "  «•    0.28    "      "         " 

Water-columns,  complete,  each 9590.00 

Freight-Houses. 

Two  terminal  freight  stations  are  included  within  the  limits  of  the 
work :  First,  Broad  St. ;  and  second,  Twentieth  and  Hamilton  Sts. 

Broad  Street  Station. — The  station  at  Broad  St.  is  a  very  important 
one.  Before  the  construction  of  the  Beading  Terminal,  in  1892,  the 
main-line  passenger  station  was  located  on  Callowhill  St. ,  extending 
from  Broad  to  Thirteenth  Sts.  To  the  north  of  it  the  freight  station 
was  located.  After  the  abandonment  of  the  passenger  station,  in 
1893,  the  passenger  building  was  used  for  freight  purposes. 

Upon  the  construction  of  the  temporary  tracks  of  the  subway,  the 
eastern  half  of  these  buildings  was  removed,  and  a  temporary  freight 
station  at  the  north-west  corner  of  Thirteenth  and  Callowhill  Sts.  was 
constructed,  as  before  described.  Upon  its  being  occupied,  the 
remaining  old  buildings  were  removed,  and  the  excavation  was  made 
to  the  subway  level  for  the  western  half  of  the  block.  A  contract 
which  had  been  entered  into  with  Byan  and  Kelley  (Contract  15),  was 
then  begun,  and  the  western  halves  of  a  double  freight  station  were 
started  and  temporarily  finished  at  the  eastern  end.  As  soon  as  it  was 
completed  and  the  tracks  in  the  depressed  yard  were  ready  for  opera- 
tion, the  remaining  buildings,  out  to  Thirteenth  St. ,  were  finished. 

The  freight-houses,  one  for  inbound  and  the  other  for  outbound 
business,  are  of  the  following  dimensions:  One,  37  ft.  wide,  and  524  ft. 
long,  and  the  other,  37  ft.  wide  and  465  ft.  long.  The  buildings  are  of 
brick,  with  steel  trusses  and  slate  roofs,  and  are  one  story  in  height. 
At  the  Thirteenth  St.  end  of  the  shorter  building  there  is  a  three-story 
office  building  43  ft.  wide  and  56  ft.  8. ins.  long,  with  a  cellar.  Between 
the  buildings  there  is  a  driveway  60  ft.  wide,  paved  with  granite 
blocks.  At  the  east  end  the  entrance  is  on  a  level  with  Thirteenth  St. 
At  the  west  end  access  to  the  buildings  is  obtained  beneath  the  Broad 
St.  Bridge  and  by  means  of  the  inclined  approach,  built  on  a  5%  grade 
parallel  to  Callowhill  St. ,  reaching  the  street  level  at  Fifteenth  St.  On 
the  track  side  of  each  freight  house  there  is  a  platform  for  loading  and 
unloading  freight. 
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Fire-walls  are  built  in  the  houses  at  intervals,  and  are  provided, 
with  rolling  steel  shutters.  Shutters  of  the  same  type  are  also  provided, 
on  the  track  sides  of  the  buildings. 

The  work  on  this  contract  was  bid  for  in  a  lump  sum  for  the  build- 
ings. The  paving  of  the  driveway  was  bid  for  by  the  square  yard. 
The  total  cost  of  the  buildings  was  $98  251.20;  the  price  for  the  paving- 
was  $3  per  square  yard.     The  total  amount  paid  was  $108  763.23. 

Twentieth  Street. — There  are  three  buildings  in  the  depressed  yard 
at  Twentieth  St.,  as  follows:  A  freight-house,  an  engine-house,  and 
a  repair  shop.  These  were  constructed  by  P.  McManus,  under  Con- 
tract 25. 

The  freight-house  consists  of  a  two-story  brick  building  33  ft.  wide 
and  308  ft.  long,  with  a  platform  on  the  track  side  in  the  depressed 
yard  and  wagon  access  on  the  level  of  Hamilton  St.  Fire-walls 
between  the  elevators  are  provided  with  rolling  steel  shutters.  Shut- 
ters of  the  same  type  are  provided  for  the  doors  on  the  track  side. 
Steel  trusses,  with  a  slate  roof,  cover  the  building.  Five  hydraulic 
elevators  are  provided  for  raising  or  lowering  the  freight  from  the 
street  level  to  the  subway.  They  have  platforms,  10  x  14  ft.  in  the 
clear,  and  each  is  calculated  to  carry  a  load  of  10  tons.  They  are 
designed  to  operate  at  a  speed  of  50  ft.  per  minute  with  a  moderate 
load,  and  three  of  them,  when  fully  loaded,  are  capable  of  rising  33 
ft.,  the  entire  distance,  at  the  same  time.  They  are  provided  with 
automatic  stops  at  the  top  and  bottom,  and  with  safety  attachments 
and  gates.  All  piping,  pressure  tanks  and  pumps  are  provided.  The 
latter  are  located  in  the  repair  shop,  and  are  in  duplicate.  The  price 
bid  for  this  building,  complete,  was  $74  105. 

Engine-House  and  Repair  Shop. — The  engine-house  consists  of  & 
one-story  brick  building,  117  ft.  wide  and  200  ft.  long,  covering  8 
tracks,  and  capable  of  housing  24  locomotives.  The  roof,  consisting 
of  wooden  trusses,  is  covered  with  slate,  and  contains  24  Roe  cast- 
iron  smoke  jacks,  which  have  since  been  connected  up  to  3  smoke 
stacks,  125  ft.  high,  with  electric  fans  at  the  bottom.  Beneath  the 
track  there  is  an  ash-pit  lined  with  concrete,  and  transversely  to 
the  length  of  the  building  there  is  a  pit  for  engine  repairs.  The 
drainage  is  into  the  low-level  sewer  on  the  Line  of  Twentieth  St. 
Steam  heat,  sufficient  to  heat  the  building  to  50°  Fahr.  in  the  coldest 
winter  weather,  is  provided  from  the  boilers  in  the  repair  shop. 
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The  repair  shop  consists  of  a  one- story  brick  building  located  in 
the  corner  of  the  depressed  yard  at  Twentieth  and  Hamilton  Sts., 
the  retaining  walls  on  the  above-named  streets  forming  two  of  the 
walls.  It  is  42  ft.  wide  and  82  ft.  long,  and  contains  two  boilers,  each 
of  175  H.-P.,  with  two  Argand  steam  blowers  to  burn  buckwheat  or 
rice  anthracite  coal.  The  boilers  are  guaranteed  for  a  working  press- 
ure of  150  lbs.  per  square  inch.  Two  duplex,  boiler  feed-pumps  5J 
x  3J  x5ins.,  are  provided,  together  with  a  water-heater.  Two  100 
K.-W.,  compound- wound,  multipolar,  direct-current  dynamos  of  220 
volts  each,  with  a  speed  of  not  more  than  700  revolutions  per  minute, 
are  provided,  each  with  a  high-speed  engine,  and  the  whole  plant  is 
furnished  with  the  necessary  switch-board  and  all  other  appliances. 
These  dynamos  and  engines  are  for  the  purpose  of  operating  the  50- 
ton  electric  crane  for  raising  heavy  freight  to  the  street  level.  The 
prices  bid  for  the  work  were  as  follows : 

Engine-house  and  repair  shop 940  570 

Boilers 11  255 

Engines  and  dynamos 11  000 

During  the  construction  of  the  work,  certain  changes  in  the 
arrangement  of  the  buildings  were  asked  for  by  the  railway  company, 
entailing  an  additional  cost  of  $4  756.  The  total  cost  of  the  work  on 
the  freight-house,  engine-house  and  repair  shop,  as  described  above, 
was  $141  909.80. 

The  contractor  began  work  on  April  25th,  1899,  and  finished  on 

May  25th,  1900. 

Proposed  Power  Lifts. 

The  power  lifts,  advertised  for  under  Contracts  20  and  40,  deserve 
more  than  a  passing  word  of  notice,  on  account  of  their  size  as  well  as 
of  the.  engineering  difficulties  presented,  and,  although  they  were 
never  constructed,  the  writers  feel  that  their  experience,  as  far  as  it 
went,  may  prove  of  interest. 

In  both  contracts,  simply  the  problem  and  the  governing  con- 
ditions were  specified,  and  no  design  was  made  by  the  engineering 
force. 

At  one  time  two  lifts  were  proposed,  one  at  Seventeenth  St.  and 
the  other  at  Nineteenth  St.,  for  the  purposes  already  stated. 

On  account  of  the  vigorous  protest  from  the  Philadelphia  Grain 
Elevator  Company,  the  lift  at  Nineteenth  St.  was  abandoned,  and  the 
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connection  was  made  by  alterations  in  the  grain  elevator,  and  by  a 
track  reaching  the  plant  on  a  \%  grade. 

The  specifications  for  the  lift  at  Seventeenth  St.,  nnder  Contract  20, 
provide  as  follows  : 

"  The  hydraulic  lift  is  to  be  located  on  the  south  side  of  Pennsyl- 
vania Ave.,  east  of  the  Seventeenth  St.  bridge.  Its  object  is  to  lift  an 
engine  and  three  cars  from  the  level  of  the  subway  to  the  present  level 
of  Pennsylvania  Ave.  (about  26  ft.).  It  is  to  be  designed,  constructed, 
and  erected  complete,  including  excavations,  foundations,  structural 
steel  work,  machinery,  pumps,  pipes,  and  all  appurtenances  (except 
the  ties  and  rails  for  the  track)  needed  and  required  to  make  the  plant 
complete  and  ready  for  operation. 

"  The  contractor  shall  submit  with  his  proposal  complete  drawings 
and  specifications  covering  the  general  features  described  herein, 
which  drawings  and  specifications,  when  accepted  by  the  Director  of 
the  Department  of  Public  Works,  shall  constitute  an  essential  part  of 
this  contract,  and  shall  be  binding  severally  upon  the  contractor  and 
the  City  of  Philadelphia. " 

The  lift  was  to  have  been  152  ft.  in  length,  with  a  rise  of  26  ft.  2  ins. 

and  with  a  distributed  load  of  420  000  lbs.,  as  a  maximum. 

The  general  specifications  further  provide  that: 

"It  shall  be  designed  so  that  it  can  lift  all  or  any  part  of  this  load- 
ing in  any  position. 

"  In  addition  to  the  general  plant  shown  on  the  plans,  the  contractor 
shall  provide  and  include  in  his  price  a  pumping  plant  or  other  machin- 
ery for  operating  the  lift.  Space  will  be  provided  for  these  pumps  in 
the  power-house  between  Eighteenth  and  Nineteenth  Sts." 

As  a  result  of  the  advertisement  of  May  12th,  1896,  six  bids  were 
received  for  the  hydraulic  lift  (Contract  20).  The  prices  ranged  from 
$48  500  to  $138  825  for  the  whole  work  erected  complete.  One  bid  was 
for  an  electric  lift,  at  $59  970.  No  two  of  the  plans  submitted  were 
upon  exactly  the  same  principle,  the  number  of  rams  or  screws  varying 
from  one  to  four. 

The  merits  of  all  these  lifts  were  examined  carefully.  As  a  result, 
all  the  bids  were  thrown  out,  and  a  new  specification  was  prepared, 
under  Contract  40,  for  a  power  lift.  The  general  dimensions  and  load- 
ing were  not  changed.  The  essential  features  specified,  as  relating  to 
the  design,  were  as  follows : 

"In  addition  to  the  lift,  the  contractor  shall  provide  and  include 
in  his  proposal  a  complete  plant  of  the  machinery  and  apparatus  neces- 
sary to  operate  the  lift.     The  machinery  generating  power  shall  be  in 
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duplicate.  Space  will  be  provided  for  the  machinery  in  the  power-house, 
to  be  located  as  shown  on  the  general  plan,  on  the  south  side  of  Penn- 
sylvania Ave.,  west  of  Eighteenth  St.,  on  or  about  the  present  level 
of  the  street,  and  about  750  ft.  west  of  the  location  of  the  lift. 

"  The  city  will  provide  boilers  and  their  accompaniments,  but  the 
contractor  for  the  lift  shall  provide  and  connect  steam  pipes-  to  the 
main  steam  pipe  in  the  boiler-room;  also  exhaust  pipes  to  the  feed- 
water  heater,  and  main  exhaust  and  drips  from  the  pipes  and  the  ma- 
chinery operating  the  lift.  He  shall  also  provide  covering  for  said 
pipes. 

"  A  satisfactory  means  shall  be  furnished  and  constructed  for  con- 
veying the  power  from  said  machinery  in  the  power-house  to  the  lift, 
and  also  a  system  of  signals  between  the  power-house  and  the  lift  to 
regulate  the  operation  of  the  same. 

"  The  contractor  shall  put  the  entire  plant  into  operation,  and  sup- 
ply everything  for  its  proper  service  with  the  exception  of  the  boilers 
and  accompaniments. 

"The  following  requirements  shall  be  provided  in  all  designs  sub- 
mitted, and  the  general  methods  for  accomplishing  the  same  shall  be 
specified : 

"First — Absolutely  uniform  motion  in  the  ascent  and  descent  of  the 
lift  shall  be  maintained,  and  the  platform  kept  horizontal  under  all 
conditions  of  loading. 

"  Second.^  In  case  of  accident  of  any  kind,  the  platform  shall  come 
to  a  full  stop  in  a  horizontal  position. 

"  Third,— Suitable  protection  shall  be  provided  for  the  working 
parte  of  the  lift,  to  prevent  damage  and  wear  from  exposure  to  the 
weather,  dirt,  grit,  water,  etc. 

"Fourth. — A  method  of  operating  the  lift  which  can  be  controlled 
at  the  site  will  be  preferred,  all  other  things  being  equal. 

"Fifth. — The  lift,  carrying  the  load  under  any  condition,  shall  be 
capable  of  being  raised  or  lowered  throughout  its  entire  vertical 
height  in  ten  minutes. 

"Sixth. — Special  attention  should  be  given  to  the  design  of  the 
lateral  stiffness  of  the  lift,  and  the  cost  of  making  any  attachments 
for  the  same  to  the  masonry  wall  shall  be  included  in  the  price  bid. 

/'The  preliminary  drawing  shall  show  such  attachments,  and  any 
additions  to  the  present  masonry,  if  required. 

"  Should  hydraulic  power  be  proposed  to  be  used,  special  attention 
is  called  to  the  distance  of  the  power-house  from  the  lift,  and  provision 
shall  be  made  for  the  effects  of  the  compression  of  the  liquid  used  under 
the  high  pressures  necessarily  employed." 

The  work  was  again  advertised,  and,  on  March  30th,  1897,  two  bids 

were  received  for  a  hydraulic  lift,  895  425  and  877  000,  respectively, 

and  two  for  an  electric  lift,  $44  750  and  $75  110. 
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An  examination  of  the  designs  submitted  shoved  them  to  be  practi- 
cally free  from  objectionable  features,  but  all  bids  were  again  rejected 
on  account  of  the  purchase  of  the  Whitney  property  by  the  railway 
company  and  the  substitution  of  a  f>\%  grade  and  a  switchback  in  its 
place. 

During  the  study  of  this  matter,  Table  No.  15,  giving  a  list  of  the 
then  existing  lifts,  with  their  heights,  pressures  and  loads,  was  pre- 
pared.    Hydraulic  power  is  used  in  all. 


TABLE  No.  15. 

Kama  of  lif  t  and  location. 

Height,  in  feet. 

Load,  in  tons. 

OlmMow  Harbor  Tunnel 

78 
480 
143 
100 

60 

56.6 

48 

96.86 

760  lbs. 

6 

Eiffel  Tower 

8.6 

000  lbs. 
654  lbs. 

10.5 

7 

Anderton,  England,  Canal. a,. . ...  .......... 

510 

Canal  due  Centre,  Belifbnm 

2000  lbs. 

800 

Proposed  Subway 

810 

FIFTY-TOH  EliECTBIC  CbAXK. 

On  the  south  side  of  Hamilton  St.,  just  east  of  Twenty -first  St., 
there  is  located  a  50-ton  electric  traveling  crane,  which  was  built  under 
Contract  27  with  E.  D.  Smith  and  Company. 

The  plant  consists  of  two  lines. of  runway  girders  supported  upon 
columns,  the  total  length  of  runway  being  96  ft.  One  runway  is 
located  14.6  ft.  north  of  the  retaining  wall  of  the  subway,  on  piers 
built  to  the  elevation  of  Hamilton  St.  The  other  is  situated  29.2  ft. 
south  of  the  same  wall,  the  tops  of  the  piers  being  at  the  level  of  the 
tracks  in  the  depressed  yard  and  the  bridge  of  the  crane  spanning 
two  of  the  tracks.  The  crane  is  carried  by  two  trucks  on  each  run- 
way, which  are  15  ft.  between  centers.  The  distance  from  center 
to  center  of  the  runway  girders  is  43  ft.  10  ins.  The  crane  was  built 
by  William  Sellers  and  Company,  Inc.,  and  was  designed  upon  the 
following  data: 

Capacity,  50  tons. 

Maximum  lateral  speed  of  crane,  100  ft.  per  minute. 

To  hoist  the  maximum  load  to  the  full  height  in  4  minutes. 

To  raise  the  maximum  load  as  frequently  as  may  be  desired. 
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The  electrical  cable  connections  with  the  dynamo  were  included 
under  Contract  25.  The  distance  from  the  subway  tracks  to  the  hook 
of  the  crane  is  about  56  ft. 

The  contract  price  for  the  crane,  complete,  including  foundations, 
runway  girders  and  all  appurtenances,  was  $20  640. 

Approximate  Total  Quantities. 

The  following  list,  of  the  total  quantities  of  the  more  important 
items  of  the  work,  is  given  for  the  purpose  of  comparing  the  magni- 
tude of  the  work  with  other  work  of  a  similar  character: 

Earth  and  rook  excavation 1  086  422  cu.  yds. 

Masonry  (exclusive  of  sewers)  188  114    "      " 

Temporary  track 11.28  miles  of  single  track. 

Permanent  traok 13.45    "      "      "         " 

Sewers 7.02  miles. 

Bridges 18 

Structural  steel  in  bridges,  etc 10  515  787  lbs. 

Number  of   approved   drawings,  not 

counting  studies 1  854 

Number  of   shop  drawings,  checked 

and  approved 1  010 

Consequential  Damages  and  Financial  Summary. 

Under  the  terms  of  the  Ordinance  appropriating  the  #6  000  000  for 
the  work,  and  authorizing  its  construction,  it  was  provided  that  all 
the  expenses  incident  to  its  completion,  including  consequential  dam- 
ages and  the  widening  of  Pennsylvania  Ave.  from  Twenty-second  to 
Green  Sts.  and  from  Green  St.  to  Twenty -sixth  St.,  were  to  be  paid 
out  of  the  appropriation. 

Juries  of  View  appointed  by  the  Courts,  in  accordance  with  Acts 
of  Assembly,  were  constantly  engaged  in  hearing  claims  of  property 
owners  and  tenants,  numbering  in  all  about  182  claims.  The  claims 
made  and  filed  by  these  owners  and  tenants  amounted  to  approximately 
92  000  000. 

Wherever  it  was  possible,  no  claims  for  change  of  grade  were  con- 
sidered by  the  Juries  until  the  physical  changes  were  completed,  so 
that  there  could  be  no  speculation  as  to  the  exact  nature  of  the 
damage.  On  this  account,  various  sections  of  the  work  were  con- 
sidered as  the  work  of  construction  advanced,  and  awards  were  made 
in  advance  of  other  sections  where  the  work  was  still  in  progress. 
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The  following  is  a  concise  statement  of  all  expenditures  made  on 
account  of  the  work: 

Total  amount  paid  for  contracts  (including  sewers*)  $4  067  482. 15 
Paid  by  mandamus  for  land  and  consequential 

damages 1  040  345.71 

Fees  for  expert  testimony  in  damage  cases 29  185.05 

Fees  of  Road  Jurors  in  damage  cases 8  826.00 

Labor — Water,  Gas  and  Electrical  Bureaus 41 102.00 

Engineering,  inspection  and  incidentals 227  422.51 

Total  expenditures  to  December  31st,  1901. .  $5  409  363.42 
Balance  on  hand  December  31st,  1901 15  636.58 

Total  amount  of  loan  negotiated $5  425  000.00 

Amount  of  loan  not  sold 575  000.00 

Total  appropriation *6  000  000.00 

SUHMABY  OF  CONSTRUCTION  DATES. 

The  work  of  constructing  the  sewers  was  begun  on  September  10th, 

1894,  and  by  July  1st,  1895,  the  main  sewers  were  completed.  No 
construction  work  was  then  done  until  August,  1896,  when  the  tem- 
porary track  work  was  started.  The  first  regular  passenger  train, 
carrying  the  members  of  the  American  Society  of  Civil  Engineers  on 
their  way  home  from  the  Annual  Convention  at  Cape  May,  passed 
through  the  subway  on  July  1st,  1899,  and  on  September  25th  of  the 
same  year  the  regular  traffic  of  the  railway  was  begun.  By  Novem- 
ber, 1900,  the  work  was  practically  completed,  except  a  few  minor 

details. 

Engineering. 

The  ordinance  authorizing  the  work  provided  that  it  was  to  be 
organized  and  carried  out  by  the  Director  of  the  Department  of  Pub- 
lic Works  of  the  City  of  Philadelphia,  who  has  supervision  of  the 
Engineering  Bureaus  of  that  city.  The  Directors  under  whom  the 
work  was  carried  out  were  as  follows:  From  September,  1894,  to  April,. 

1895,  Hon.  James  H.  Windrim,  under  Hon.  Edwin  S.  Stuart,  as  Mayor. 
From  April,  1895,  to  April,  1899,  Hon.  Thomas  M.  Thompson,  under 
Hon.  Chas.  F.  Warwick,  as  Mayor.  From  April,  1899,  until  the  com- 
pletion of  the  work,  Hon.  Wm.  C.  Haddock,  under  Hon.  Samuel  EL 
Ashbridge,  as  Mayor. 

*  For  sewers,  see  Transaction*,  Am.  Soc.  C.  E.,  Vol.  xliv,  page  1  et  seq. 
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The  entire  charge  of  the  preparation  of  the  plans  and  the  construc- 
tion was  placed  under  George  S.  Webster,  M.  Am.  Soo.  C.  E.,  Chief 
Engineer,  Bureau  of  Surveys,  which  Bureau  has  jurisdiction  over  such 
work.  Mr.  George  E.  Datesman  is  Principal  Assistant  Engineer  of 
this  Bureau. 

In  June,  1894,  Samuel  Tobias  Wagner,  M.  Am.  Soc.  G.  E.,  was  ap- 
pointed First  Assistant  Engineer  in  charge  of  the  work,  and  Mr. 
Charles  H.  Swan,  Chief  Draughtsman. 

In  August,  1894,  Mr.  Richard  I.  D.  Ashbridge  was  appointed  Sec- 
ond Assistant  Engineer  in  charge  of  the  construction  of  the  sewers. 

When  active  work  on  the  main  operations  was  begun  in  August,  1896, 
the  field  corps  was  organized  with  D.  Jones  Lucas,  M.  Am.  Soc.  C.  E. , 
as  Second  Assistant  Engineer  in  charge  of  construction,  and  Mr.  B.  I. 
D.  Ashbridge  as  Third  Assistant  Engineer  in  charge  of  the  lines  and 
grades.  The  principal  Assistants  under  Mr.  Ashbridge  during  construc- 
tion were  Mr.  Frank  B.  Fisher,  Mr.  John  W.  Weaver,  T.  N.  Spencer, 
Assoc.  M.  Am.  Soc.  C.  E.,  and  Mr.  Stephen  Harris.  To  all  of  these 
gentlemen  great  credit  is  due  for  skill  and  accuracy. 

Under  the  Ordinance,  the  Director  of  the  Department  of  Public 
Works  is  directed  to  confer,  during  the  progress  of  the  work,  with  an 
engineer  appointed  by  the  Philadelphia  and  Beading  Bailroad  Com- 
pany in  regard  to  the  approval  of  all  planB  and  the  proper  execution 
of  the  contracts.  The  late  John  A.  Wilson,  M.  Am.  Soc.  C.  E.,  served 
in  the  capacity  of  Consulting  Engineer  from  March  30th,  1894,  until 
his  death  on  January  19th,  1896.  Mr.  Wilson  was  closely  identified 
with  the  preparation  of  all  the  detailed  studies  of  the  work  previous 
to  the  passage  of  the  Ordinance.  Upon  the  death  of  Mr.  Wilson,  Mr. 
Joseph  M  Wilson,  M.  Am.  Soc.  C.  E.,  was  appointed  Consulting 
Engineer,  and  served  until  the  completion  of  the  work. 

During  the  entire  time,  the  principal  officers  of  the  Philadelphia 
and  Beading  Bailroad  Company  were:  Mr.  Joseph  S.  Harris,  Presi- 
dent; Theodore  Voorhees,  M.  Am.  Soc.  C.  E.,  First  Vice-President; 
Mr.  H.  K.  Nichols,  Chief  Engineer,  and  William  Hunter,  M.  Am.  Soc. 
C.  E.,  Assistant  Chief  Engineer. 

To  all  the  above-mentioned  gentlemen  the  writers  desire  to  acknowl- 
edge the  kind  assistance,  advice  and  courtesy  at  all  times  rendered 
during  the  preparation  of  the  plans  and  the  carrying  out  of  all  the 
details  of  the  work. 
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STRESSES  IN  COLUMNS  SUBJECT  TO 
COMBINED  AXIAL  AND  TRANSVERSE  LOADING.* 


By  Ohables  Wobthtngton,  M.  Am.  Soo.  C.  E. 


The  most  common  examples  of  columns  of  this  class  are  those 
supporting  elevated  railroads,  roofs  of  mill  buildings,  posts  of  portals, 
etc. 

The  common  method,  of  assuming  that  the  lower  end  of  such  col- 
umns be  "fixed,"  and  determining  the  bending  stress  in  the  columns 
by  the  elastic-curve  formulas  on  this  assumption,  has  never  appeared 
to  the  writer  as  a  satisfactory  solution  of  the  problem.  In  the  first 
place,  the  condition  of  "  fixity,"  as  assumed  in  determining  these  for- 
mulas, is  not  present.  If  the  foundation  pedestal  were  of  steel,  and 
the  column  extended  down  into  it  sufficiently  far,  and  without  any 
play  whatever,  the  column  could  then  be  assumed  as  fixed  at  its  base 
in  accord  with  the  conditions  assumed  in  these  formulas,  but  the 
critical  point  would  only  be  transferred  from  the  bottom  of  the  column 
to  the  bottom  of  the  pedestal,  and  as  most  pedestals  rest  on  material 
which  is  quite  soft  compared  with  their  own,  considerable  deflection 
would  occur  before  the  pedestal  reached  a  firm  bearing.  The  anchor 
bolts,  also,  are  assumed  to  increase  the  fixity  of  the  column  base, 


*  This  paper  will  not  be  presented  for  discussion  at  any  meeting,  but  its  discussion 
may  be  called  up  at  any  time,  and  written  communications  on  the  subject  are  invited 
for  presentation  to  the  Society  and  for  subsequent  publication. 
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whereas  they  do  not  come  into  play  until  there  has  been  sufficient 
deflection  of  the  column  to  bring  the  base  to  a  firm  bearing  against 
the  nuts,  and  to  stretch  the  bolts  themselves,  if  they  are  of  any  great 
length.  On  account  of  the  lack  of  rigidity  at  the  bottom  of  the  column 
and  at  the  bottom  of  the  pedestal,  therefore,  the  bending  of  the 
column  does  not  follow  the  lines  given  by  the  deflection  formulas 
based  on  "  fixity  "  of  the  end. 

This  assumption,  moreover,  fixes  at  once  the  size  of  the  masonry 
pedestal,  and  leaves  no  chance  to  vary  its  size  to  suit  local  conditions, 
whereas,  for  example,  in  designing  an  elevated  railroad  through  city 
streets,  it  is  quite  often  necessary  to  limit  the  size  of  the  pedestal,  in 
order  to  clear  conduits,  etc.,  already  in  place,  no  matter  how  much 
additional  material  this  may  require  in  the  superstructure.  It  is 
desirable,  therefore,  that  the  connection  of  the  column  to  the  pedestal 
be  such  that  the  size  of  each  mav  be  varied  in  order  to  strike  a  balance 
between  the  cost  of  the  column  and  the  cost  of  the  pedestal,  with  a 
view  to  maximum  economy  for  the  structure  as  a  whole. 

Another  factor  which  is  neglected  in  the  foregoing  method  is  the 
effect  of  the  direct  axial  load  on  the  bending  of  the  column.  As  soon 
as  the  column  starts  to  bend  under  the  horizontal  load,  the  windward 
side  of  the  base  rises,  thus  tending  to  shift  the  point  of  bearing  of  the 
column  on  the  pedestal  to  the  opposite  side,  thereby  producing  a 
bending  in  the  column  in  a  direction  counter  to  that  produced  by  the 
horizontal  load,  and  directly  proportional  to  the  amount  of  the  axial 
load.  With  a  view  to  establishing  the  exact  relations  between  these 
forces  and  their  effect  on  the  column  and  the  pedestal,  the  writer  has 
prepared  this  paper. 

The  general  type  of  column  under  consideration  is  illustrated  in 
Fig.  1,  which  represents  the  outline  of  a  column  with  a  square  base, 
anchored  down  to  a  pedestal  of  masonry,  and  supporting  a  vertical 
load,  with  horizontal  forces  applied,  one  at  the  top,  and  one  in  the 
opposite  direction  at  a  point  below,  representing  the  force  produced 
by  a  knee-brace,  or  strut  of  some  kind.  For  purposes  of  analysis,  the 
different  forces  and  reactions,  with  the  resulting  stresses  produced  in 
the  column,  will  be  determined  separately,  and  then  combined  for  the 
total  net  results. 

Considering  first  the  horizontal  forces  alone  acting,  Fig.  2  shows 
the  effect  on  the  column  of  a  horizontal  force,  Ht  which  is  the  total 
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horizontal  thrust  coming  on  the  top  of  the  masonry,  from  wind,, 
traotion,  etc.,  acting  on  the  structure  of  which  this  column  forms  a. 
part.  The  forces,  at  the  top  and  at  the  point,  Xl9  of  the  amounts 
indicated,  are  those  necessary  to  hold  the  column  in  equilibrium 
against  this  force,  H9  applied  at  the  base,  and  the  column  will  tend  to 
bend  as  shown.  The  moment  of  the  external  forces  about  any  point 
on  the- neutral  axis  of  the  column,  distant  x  from  the  base  (clockwise- 
moments  being  considered  positive  and  those  in  the  opposite  direction 

negative),  will  be 

—  Hx (1> 

and  this  moment  will  be  a  maximum  at  Xv  where  its  value  will  be 

—  Hb (la) 

To  the  column  thus  bent,  now  consider  the  vertical  load  applied  at 

the  top.  The  column  being  lifted  from  the  masonry  at  the  windward 
side,  the  center  of  bearing  on  the  masonry  will  be  at  the  opposite 
corner,  and  this  will  produce  in  the  column  a  moment  in  a  direction 
opposite  to  that  of  the  horizontal  force,  tending  to  counteract  this 
force  and  tending  to  bend  the  column  back  at  its  lower  end,  as  shown 
in  Fig.  3.  In  fact,  the  deflection  of  the  column  from  the  horizontal 
force  will  be  so  slight  that  the  distance,  cv  can  be  taken  as  equal  to  d, 
the  half -width  of  the  column,  without  any  appreciable  error.  The 
moment  of  the  external  forces,  about  any  point  on  the  neutral  axis  of 
the  column  between  the  base  and  Xv  will  be  constant,  and  of  the 
value 

+  Pd. (2) 

Finally,  the  effect  of  the  anchor  bolts  is  shown  in  Fig.  4,  where  A 
represents  an  assumed  force  which  the  bolts  on  one  side  of  the  column 
will  be  finally  designed  to  resist.  The  moment  of  the  external  forces 
at  any  point  on  the  neutral  axis  of  the  column,  between  its  base  and 
Xv  will  be  constant,  and  of  the  value 

+  Ae (3) 

Summing  up  (1),  (2)  and  (3),  the  total  resultant  moment,  at  any 
point  on  the  neutral  axis  of  the  column  between  the  base  and  Xl9  and 
making  <\  =  d,  as  above,  will  be  (see  Fig.  5) 

M  =  —  Hx+Pd  +  Ae (4) 

and  the  column  section  at  this  point  must  be  designed  to  resist  this 
moment,  M,  in  combination  with  a  uniformly  distributed  direct  com- 
pressive stress,  of  the  value  P.    In  practice,  columns  of  this  class  are 
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generally  made  uniform  in  section  throughout  their  length;  in  which 
case  only  the  maximum  moment,  occurring  at  Xlt  will  be  required, 
and  this  will  be  of  the  value 

Mx  =  —  Hb  +  P  d  +  A  e (4a) 

The  section  of  the  column  should  be  such  that  the  total  com- 
pressive stress  on  the  extreme  fibers  at  this  point  will  not  exceed  a 
certain  allowable  unit  value. 

The  "  point  of  contrafiexure  "  will  occur  where  M=  0;  from  which 

the  distance  from  the  base  of  the  column  to  this  point  will  be 

Pd  +  Ae 
xo  = jj (©) 

This  is  of  no  especial  value,  except  for  comparison  with  that 

f 

method  of  designing  columns  of  this  class  in  which  the  location  of 
the  point  of  contrafiexure  is  assumed  at  the  start,  and  the  column, 
anchorage,  etc.,  is  then  designed  to  correspond. 

The  resultant  force  at  the  top  of  the  column,  for  which  suitable 
provision  must  be  made,  is,  (assuming  that  ci  =  d,  as  before), 

Ht-p(*=*)-A?- (6) 

a  \     a     /  a  w 

If  provision  be  made  to  ensure  the  load,  P,  being  applied  to  the  top 
of  the  column  at  its  center,  so  that  Cj  =  0,  this  force  becomes 

±-P±-A± (&,) 

a  a  a  v 

If  the  superstructure  is  connected  to  the  top  of  the  column  so  that 
the  point  of  application  of  the  load,  P,  shifts  to  one  corner  as  the 
column  bends  under  the  application  of  17,  then  Cj  becomes  equal  to  d> 
and  this  force  becomes 

H-—  A— (6b) 

a  a 

The  forces  given  by  Formulas  (6),  (6a)  and  (6b)  represent  also,  in 
each  case,  the  shear  for  which  the  web  of  the  column  and  the  rivets 
connecting  it  with  the  flanges  must  be  designed,  from  the  top  down  to 
the  point  Xx. 

The  force  at  Xl9  for  which  provision  must  be  made  in  connections, 
etc.,  is  (assuming  cx  =  dt  as  before), 

<4-°)-p(^)-^ m 

When  Cj  =  0,  corresponding  with  the  conditions  of  Formula  (6a), 
this  force  becomes 

H(b-±*)-P±-A± (7a) 
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And  when  Cj  =  d,  corresponding  with  the  conditions  of  Formula 
(66),  this  force  becomes 

"(r^)-^ w 

It  will  be  noticed,  by  reference  to  the  foregoing  figures,  that  if 
the  connection  between  the  top  of  the  colnmn  and  the  superstructure 
be  such  as  to  hold  the  top  in  a  horizontal  position  under  the  applica- 
tion of  H,  the  effect  will  be  to  produce  a  negative  moment  in  the 
column  above  Xv  and  to  increase  the  horizontal  forces  at  the  top  and 
at  .Xj,  without,  however,  affecting  the  bending  in  the  column  from  the 
point  Xx  to  the  base.  Care  should  be  taken,  therefore,  in  designing 
the  details  of  this  connection,  to  have  the  vertical  load  come  upon  the 
column  centrally  and  remain  so,  as  the  column  bends  slightly 
under  the  horizontal  load.  This  is  often  not  feasible,  and  in  these 
cases  the  forces  for  connections,  etc.,  should  be  determined  by 
Formulas  (66)  for  the  top  and  (7b)  for  the  point  Xv  and  then  increased 
somewhat  to  provide  for  the  effect  of  the  column  top  being  connected 
rigidly  to  the  superstructure. 

Below  the  point  Xlt  the  web  of  the  column  and  the  rivets  connect- 
ing it  to  the  flanges  must  be  designed  for  a  horizontal  shear,  of 

amount 

H. (8) 

The  base  of  the  column  should  be  designed  so  that  it  can  receive, 
on  one  edge,  without  injury,  a  force  of 

P  +  A (9) 

and  provision  should  be  made  for  distributing  this  load  on  the  masonry 
symmetrically  about  the  corner  of  the  column  as  the  center  of  pressure, 
without  exceeding  the  allowable  limits  of  pressure  on  the  masonry. 
With  this  in  view,  it  is  well  to  use  a  thick  casting  under  the  column 
proper. 

The  stresses  in  the  column  having  been  thus  determined,  it  now 
becomes  necessary  to  design  the  pedestal.  The  amount,  direction,  and 
point  of  application  of  all  forces  acting  upon  the  pedestal  are  shown 
in  Fig.  6,  where  P,  A  and  /fare  the  forces  already  determined,  and  W 
is  the  weight  of  the  pedestal  itself.  It  will  be  assumed  that  the 
pedestal  rests  upon  a  foundation  of  earth,  on  which  the  maximum 
permissible  pressure  per  unit  of  area  is  p.  Considering  now  the  sec- 
tion R  8  of  the  foundation,  at  the  bottom  of  the  pedestal,  it  must 
sustain  a  compressive  load  of  P  +  W,  uniformly  distributed  over  its 
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surface,  and  a  moment  taken  about  its  center,  of  section  Ylt  equal  in 
amount  to 

Mf=Hf+Pd+Ae. (10) 

without  exceeding  the  pressure,  p,  at  the  extreme  leeward  edge,  R, 
and  without  tension  at  the  opposite  edge,  S. 

The  base  of  the  pedestal  is  assumed  to  be  rectangular  in  section, 
of  the  dimensions  shown,  and  symmetrical  about  the  center  of  the 
column.  Considering  now  the  section  R  S,  the  reactions  produced  by 
the  forces  indicated  are  a  uniformly  distributed  force,  of  value  px  per 
unit  of  area,  equal  to 

9  h 
and  a  distributed  force  per  unit  of  area,  varying  uniformly  from  a 
maximum  of  p^  acting  upward  at  the  leeward  edge,  R,  to  an  equal 
value  of  p2  acting  downward  at  the  windward  edge,  8;  the  maximum 
value,  p2>  of  this  force,  per  unit  of  area,  being 

m'(t^) (12) 

To'  ensure  a  pressure  on  the  foundation  at  the  base  of  the  pedestal 
not  exceeding  p  on  the  outer  edge,  R,  the  value  of  j^  -f  Pi  must  be 
equal  to  or  less  than  p;  and  to  ensure  there  being  no  tension  on  the 
windward  edge,  S,  the  value  of  pl  must  be  equal  to  or  greater  than  p%. 

It  will  be  noticed,  by  comparing  Formulas  (4)  and  (10),  that 
increasing  the  force,  A,  acts  against  Hy  to  diminish  the  total  bending 
on  the  column,  and  with  Ht  to  increase  the  overturning  on  the  pedestal. 
Increasing  the  value  of  d  produces  the  same  effect.  In  assuming  the 
size  of  the  anchor  bolts  and  the  width  of  the  column,  therefore,  the 
relative  cost  of  the  column  and  the  pedestal  should  be  taken  into  con- 
sideration, with  a  view  to  maximum  economy. 

The  value  of  P  used  should  be  the  net  value  ;  for  example,  in  a 
mill-building  column  it  should  be  the  total  dead  load  coming  on  top 
of  the  column,  plus  the  vertical  reaction  from  wind  for  the  leeward 
column,  and  minus  that  reaction  for  the  windward  column  ;  in  which 
case  the  total  horizontal  wind  force  coming  on  the  building  should 
be  divided  between  the  two  columns,  so  that  the  combined  stress 
from  direct  compression  and  bending  will  be  the  same  for  each  column. 

In  Fig.  la  is  shown  in  outline  a  modification  of  the  general  case 
under  consideration.     In  this  case  a  bracket  takes  the  place  of  the 
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knee-brace  or  strut  of  Fig.  1,  and  Figs.  2a,  8a,  4a  and  5a  show,  as  be- 
fore, the  induced  forces  necessary  for  equilibrium,  corresponding  to 
those  shown  for  the  first  case  in  Figs.  2,  3,  4  and  5.  In  this  case  there 
is  substituted,  for  the  single  horizontal  force  applied  at  Xl9  a  force 
extending  over  the  distance  a,  and  varying  in  value  uniformly  from  0 
at  the  top  of  the  column  to  a  maximum  of  h0  at  Xv 

The  moment  of  the  external  forces,  taken  about  any  point  on  the 
neutral  axis  of  the  column,  distant  x  above  the  point  Xlt  and  making 
Cj  =  a",  as  before,  will  be  (see  Fig.  5a) 

M=-H(b+x)  +  Pd  +  Ae+^-[^(hn-^£^ (46) 

d  M 
And  this  will  be  a  maximum  when  -= — =  0;  from  which  the  value 

a  x 

of  4?2>  the  distance  of  the  point  of  maximum  bending  above  the  point, 
Xlt  is  found  to  be 

'     __      1 4a*  ,  2Ha        2  ,iON 

^-\hr  +  -*T"--3a (18) 

and  the  moment  at  this  point  will  be 

The  connection  at  the  top  of  the  column  must  provide  for  a  hori- 
zontal force  of  value  Hq,  and  the  bracket  must  be  designed  to  with- 
stand a  force  per  unit  of  length  varying  uniformly  from  0  at  the  top 
to  Aq  at  the  distance  a  down  from  the  top. 

The  observations  on  the  effect  of  shifting  the  point  of  application 
of  the  load,  P,  on  the  top  of  the  column,  in  the  first  case,  apply 
similarly  to  the  present  case. 

The  point  of  contrafiexure  will  be  at  the  same  location  as  before, 
and  the  masonry  pedestal  will  also  be  the  same  as  in  the  first  case. 

In  the  foregoing,  the  writer  has  not  attempted  to  treat  the  subject 
under  consideration  exhaustively,  but  has  confined  his  attention  to 
the  conditions  which*  generally  exist  in  the  actual  designing  of  columns 
of  this  class.  No  account  has  been  taken  of  refinements  which  would 
not  affect  the  final  structure  appreciably,  and  he  has  endeavored  to 
deduce  formulas  which  may  be  used  as  given  herein  by  substituting 
the  proper  values  of  the  forces  and  dimensions,  when  the  loads  are 
applied  as  indicated,  or  which,  by  a  similar  analysis,  may  be  modified 
to  suit  the  changes  which  may  be  necessary  for  any  particular  case. 
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Mr.  Matthes.  Gebabd  H.  Matthes,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — Pro- 
fessor Webb's  efforts  are  a  step  in  the  right  direction,  and  are  charac- 
teristic of  the  tendency  that  has  manifested  itself  of  late  years  to 
simplify  instruments  and  methods  of  surveying  in  order  to  lighten  and 
dispatch  work,  and,  at  the  same  time,  maintain  a  standard  of  precision 
sufficient  for  the  purposes  in  hand.  During  the  last  two  decades  an 
enormous  advance  has  been  made  in  the  construction  of  surveying 
instruments. 

In  the  year  1870  the  Great  Trigonometric  Survey  of  British  India 
was  still  laboring  with  36-in.  theodolites  weighing  370  lbs.  when 
mounted,  and  as  much  as  1  050  lbs.  when  packed  for  shipment,  inclu- 
sive of  accessories.  The  present  generation  of  surveyors  may  well 
consider  themselves  fortunate  to  be  able  to  look  back  upon  these  pon- 
derous machines  as  interesting  relics  of  days  gone  by.     Thanks  to  the 

*  This  discussion  (of  the  paper  by  Walter  Loring  Webb.  Assoc.  M.  Am.  Soc.  C.  E., 
printed  In  Proceedings  for  December,  1901),  is  printed  in  Proceedings  in  order  that 
the  views  expressed  may  be  brought  before  all  members  of  the  Society  for  further  dis- 
cussion. 

Communications  on  this  subject  received  prior  to  April  25th,  1902,  will  be  printed 
subsequently. 


Papers.]         DISCUSSION  ON  SURVEYING  INSTRUMENTS.  277 

modern  dividing  engine  and  to  improved  maohine  tools  it  is  now  Mr.  Matthes. 
possible  to  turn  out  theodolites  with  smaller  plates  graduated  more 
accurately  than  the  old  hand -divided  36-in.  circles. 

In  this  country  the  United  States  Coast  and  Geodetic  Survey  is 
using  12-in.  theodolites  for  work  of  the  highest  order,  while  the  United 
States  Geological  Survey  finds  that  8-in.  theodolites  answer  its  require- 
ments. In  mine  surveying  and  in  other  fields,  such  as  base-measuring 
and  plane-table  work,  similar  wonderful  advances  have  been  made, 
simpler  and  better  forms  of  instruments  taking  the  place  of  the  old, 
complicated  and  cumbersome  types. 

Much  remains  to  be  accomplished,  however.  Many  surveying 
instruments  are  yet  far  from  being  all  that  is  desired,  as  regards  fitness 
for  the  work  for  which  they  are  intended.  Their  development  is  a 
process  of  evolution.  The  demand  at  the  present  day  is  not  so  much 
for  the  invention  of  new  forms  of  instruments  as  for  the  perfection  of 
those  now  in  use.  It  is  difficult  to  design  any  instrument  of  precision, 
with  a  complication  of  parts,  and  capable  of  delicate  adjustments,  that 
shall,  at  the  same  time,  be  easily  manipulated,  compact,  readily  trans- 
ported, and  strong  enough  to  withstand  the  strains  imposed  upon  it 
by  rough  handling  and  by  sudden  variations  of  temperature  and 
humidity,  which  will  not  be  thrown  out  of  adjustment  continually. 
Yet  this  is  precisely  what  is  desired  of  surveying  instruments.  Only 
through  long  use  and  experience  can  the  best  types  be  evolved. 

Having  had  experience  with  instruments  of  different  kinds,  under  a 
variety  of  conditions,  from  the  intense  heat  of  southern  Arizona  to  the 
cold  temperatures  of  northern  Montana,  the  writer  has  been  in  a  posi- 
tion to  gain  a  full  knowledge  of  the  weak  points  in  modern  surveying 
instruments  and  the  difficulties  to  be  overcome  in  remedying  them. 
It  is  therefore  with  joy  that  he  hails  the  improvements  suggested  by 
Professor  Webb,  albeit  some  of  his  devices  are  capable  of  further 
improvement. 

The  shortening  of  the  vertical  arc  on  transits  by  the  addition  of  a 
vernier  seems  to  be  an  excellent  expedient.  The  change  is  a  decided 
benefit,  while  the  extra  vernier  is  in  no  sense  a  burdensome  feature, 
and  would  tend  to  obviate  errors  in  reading  plus  or  minus  angles, 
provided,  of  course,  that  the  numbering  on  the  arc  and  the  verniers  be 
made  so  as  to  easily  distinguish  plus  angles  from  minus  angles.  This 
can  be  accomplished  by  slanting  the  numbers,  as  is  frequently  done  on 
transit  plates,  which  are  numbered  both  ways.  The  question  arises, 
however :  If,  according  to  Professor  Webb's  views,  an  arc  of  60°  ampli- 
tude is  safe  as  regards  injury,  why  not  cut  the  ordinary  form  of  arc 
down  to  that  limit,  thus  leaving  30°  on  each  side  of  the  zero  mark, 
and  retaining  only  one  vernier?  Excepting  instruments  used  in  solar 
observations,  where  the  long  arc  is  a  necessity,  an  arc  of  this  amplitude  - 
would  answer  for  all  ordinary  surveying  operations.     In  the  steepest 
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Mr.  Matthee.  hillside  work  stadia  angles  never  exceed  30°,  and  anyone  who  takes 
stadia  angles  exceeding  25°  is  doing  an  inferior  quality  of  work,  at 
best,  unless  the  distances  are  very  short.  The  writer,  therefore,  would 
suggest  that  for  transits  not  provided  with  solar  attachments,  or 
intended  for  special  lines  of  work  entailing  the  measurement  of  large 
vertical  angles,  an  arc  of  60°  amplitude  graduated  after  the  common 
pattern  is  fully  sufficient,  and  that,  therefore,  the  author's  device 
seems  to  be  valuable  for  only  such  instruments  as  require  long  arcs. 

Professor  Webb's  adjustable  vernier  attachment  is  a  useful  addi- 
tion, particularly  as  regards  its  application  to  tachymeters.  Obviously, 
the  addition  of  an  extra  spirit  level  is  no  burden  to  a  transit.  In  the 
case  of  the  alidade,  however,  it  must  be  thus  regarded.  It  should  be 
borne  in  mind  that  the  plane  table  and  alidade,  considered  as  one 
instrument,  is  essentially  used  for  mapping  and  reconnaissance  pur- 
poses. This  implies  that  it  must  be  especially  adapted  to  work  in 
regions  away  from  centers  of  civilization,  where  means  of  transporta- 
tion are  limited  and  rough.  In  other  words,  the  table  as  well  as  the 
alidade  should  be  made  durable  and  strong,  with  as  few  parte  requir- 
ing adjustment  as  possible,  and  yet,  withal,  be  compact  and  light. 
In  such  an  instrument  every  delicate  part  is  a  constant  source  of 
worry  to  the  topographer  during  the  journey  or  the  march,  and 
those  who  can  speak  from  experience  will  not  welcome  additional 
level  vials. 

In  the  work  of  the  United  States  Geological  Survey,  particularly 
in  the  Western  States,  the  hard  usage  to  which  alidades  are  put  is 
worthy  of  more  than  passing  comment.  In  open  terrain  the  topog- 
rapher moves  from  point  to  point  in  a  buckboard,  and  the  jolting  of 
these  vehicles  over  prairies  of  bunchgrass  pitted  with  badger  and 
prairie-dog  holes,  or  over  a  sagebrush  country,  can  be  understood  only 
by  those  who  have  had  the  experience.  In  rugged  country,  recourse 
must  be  had  to  saddle  and  pack  horses,  and  for  hours  the  topographer 
may  be  required  to  trot  over  narrow  trails,  through  timber  and  brush, 
while  the  pack  animal  behind  him  scrapes  his  precious  burden  through 
the  best  he  can,  the  boxes  or  tripod  frequently  receiving  hard  knocks 
against  tree  trunks  or  projecting  ledges;  knocks  which  are  unavoid- 
able, and  compared  with  which  the  jolting  of  the  load  due  to  the  ani- 
mal's gait  is  not  worth  considering.  In  addition,  the  topographer 
may  have  to  ford  mountain  torrents  time  and  again  during  the  course 
of  a  day,  and  take  chances  of  wetting  his  outfit.  In  ascending  high 
peaks,  even  the  faithful  pack  animal  must  be  dispensed  with,  the 
topographer  and  his  assistant  dividing  the  instrument  outfit  between 
them,  and  carrying  it  up  the  mountain  on  their  backs.  Starting  at  6 
a.  m.,  for  instance,  they  may  reach  the  top  at  10  a.  m.  About  four 
hours  remain  in  which  to  do  all  the  work,  if  another  ascension  of  the 
peak  is  to  be  avoided.     As  a  rule,  the  work  averages  from  40  to  80 
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observations  or  more,  and  must  be  done  rapidly  if  any  time  be  left  Mr.  Matthes. 
for  lunoheon  and-  for  sketching.  Consequently,  it  is  important  that 
the  alidade  should  come  out  of  its  box  none  the  worse  for  the  rough 
usage  it  has  received  in  transportation,  and  its  adjustments  must  be 
few  and  rapidly  disposed  of,  so  that  in  a  few  moments  it  will  be  capable 
of  doing  first-class  work.  On  the  way  down  the  mountain  the  topog- 
rapher, carrying  the  alidade  box  on  his  back,  may  have  to  jump  down  a 
dozen  or  more  ledges  5  or  6  ft.  high,  and  similar  jumps  may  have  to  be 
made  in  working  through  "  down  timber." 

The  foregoing  is  no  exaggeration  of  facts.  Scores  of  men  are  an- 
nually engaged  on  surveys  where  that  is  the  daily  routine,  and  the 
alidade  must  be  proof  againBt  rough  handling,  or  it  is  not  fit  for  the 
work. 

Regarding  the  form  of  instrument  used,  the  United  States  Geo- 
logical Survey  sends  out  during  each  field  season  an  average  of  120 
plane-table  parties  equipped  with  telescopic  alidades,  the  great  ma- 
jority being  of  the  type  shown  in  Fig.  1,  Plate  XTV.  The  work  of  these 
parties  is  in  all  parts  of  the  United  States,  Alaska,  and  the  insular  pos- 
sessions; in  other  words,  it  comprises  all  forms  of  topography  and 
climatic  conditions.  The  United  States  Coast  and  Geodetic  Survey 
likewise  has  annually  from  26  to  30  plane-table  parties  in  the  field, 
covering  the  same  range  of  territory  and  using  an  alidade  of  practi- 
cally the  same  construction  as  that  shown  in  Fig.  2,  Plate  XIV.  These 
are  significant  facts.  Here  are  two  scientific  bureaus,  independently  of 
each  other,  pursuing  work  of  a  similar  character.  Through  the  ex- 
perience gained  during  past  years,  not  by  a  few,  but  by  hundreds  of 
topographers  belonging  to  both  Surveys,  each  bureau  has  evolved  a 
type  of  alidade  which  seems  to  give  the  best  satisfaction  for  its  particular 
work,  and  a  comparison  proves  that  the  instruments  are  essentially 
alike,  the  principal  difference  being  that  the  Coast  Survey  alidade  is 
provided  with  a  filar  micrometer  eye-piece,  while  that  of  the  Geological 
Survey  has  either  a  plain  or  a  prismatic  eye-piece.  These  types  of 
alidade  have  not  been  selected  arbitrarily.  Suggestions  for  improve- 
ments have  been  innumerable,  and  many  of  them  have  been  given  a 
practical  trial.  The  present  form  of  Government  alidade  has  stood  the 
test  of  years,  and  it  may  safely  be  predicted  that  nothing  short  of  a 
radical  change  is  likely  to  modify  it. 

A  comparison  of  this  alidade  with  Professor  Webb's  (Plate  XXII, 
Fig.  1*),  becomes  of  interest.  The  most  prominent  difference,  proba- 
bly, is  in  the  vertical  arcs.  It  seems  unfortunate  that  Professor 
Webb  has  selected,  for  the  purpose  of  illustrating  his  attachment,  an 
alidade  provided  with  the  old-fashioned  arc,  which  requires  the  topog- 
rapher to  step  aside  at  each  reading.  The  arc  adopted  by  the  Gov- 
ernment bureaus  mentioned  bears  the  graduations  on  the  rim,  that  on 
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Mr.  Matthes.  the  Coast  Survey  alidade  being  slightly  beveled,  and  is  adjusted  so  as 
to  be  easily  read  from  the  eye-piece  end  of  the  telescope;  in  short,  it 
enables  the  topographer  to  read  his  angles  without  moving  his  posi- 
tion. 

This  is  a  feature  of  importance,  for  it  not  only  saves  him  from 
stepping  around  the  table,  but  frequently  the  table  must  be  mounted 
on  narrow  projecting  ledges  where  one  side  only  of  the  instrument  can 
be  approached,  and  in  such  cases  it  is  always  possible  to  read  the 
angle,  even  in  difficult  positions,  as  long  as  the  eye  can  reach  the 
eye-piece.  A  further  advantage  accrues  from  the  fact  that  this  form 
of  arc  permits  a  shortening  of  the  Y's  and  a  corresponding  lengthening 
of  the  standard,  a  feature  of  prime  importance  in  the  rapid  and  safe  han- 
dling of  the  instrument.  A  glance  at  the  alidade  on  Plate  XXII,  Fig. 
1,  will  convince  one  that  not  only  is  the  standard  awkwardly  short, 
but  the  vertical  arc  and  its  bubble  attachment  are  precisely  where 
they  are  most  likely  to  be  injured,  being  alongside  the  part  of  the 
instrument  which  has  to  be  handled  most. 

Professor  Webb's  adjustable  vernier  principle  could  just  as  readily 
be  applied  to  the  form  of  alidade  shown  in  Fig.l,  Plate  XIV,  and  would 
there  be  in  a  much  safer  position. 

The  next  and  most  important  point  of  difference  between  the  two 
forms  of  alidade  lies  in  the  method  of  reading  the  angle.  The  Gov- 
ernment alidade  has  an  arc,  the  graduations  of  which  are  entirely 
arbitrary  as  regards  point  of  reference.  Frequently,  no  zero  point 
appears  on  the  limb.  Angles  are  read  by  subtracting  the  readings 
obtained  with  telescope  inclined  and  telescope  level,  and,  as  will 
readily  be  seen,  the  topographer  has  no  temptation  to  read  an  angle 
and  neglect  to  correct  it  for  inclination  of  the  table.  Numerous  de- 
vices have  been  experimented  with  to  obviate  the  necessity  of  reading 
the  limb  twice,  and  leveling  the  telescope  after  each  pointing.  The 
author's  device  is  one  of  a  great  many,  and  is  by  no  means  new. 
Kern  and  Company,  of  Switzerland,  who  rank  among  the  foremost 
instrument  makers  of  the  continent,  have  for  years  manufactured  an 
alidade  with  an  adjustable  vernier  almost  exactly  like  that  of  the 
author.  The  principal  advantages  gained  by  this  feature  are:  (1)  The 
arc  need  be  read  but  once;  and  (2),  no  angles  need  be  subtracted. 
Thus  time  is  saved  in  two  ways  The  objections  are:  (1)  As  stated 
before,  an  additional  spirit  level  is  required;  and  (2)  the  accuracy  of 
the  entire  operation  depends  upon  the  assumption  that  the  vernier 
reads  zero  when  its  level  is  parallel  with  the  striding  level  and  the 
latter  with  the  line  of  collimation. 

In  the  writer's  opinion,  such  a  combination  of  conditions  will  re- 
quire frequent  testing  of  the  adjustments,  especially  on  hard  trips. 
Besides,  the  adjustments  involved  number  four  (against  two  in  the 
Government  alidade),  and  one  of  them,  i.  e. ,  making  two  spirit  levels 
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parallel  -with  each  other,  is  a  feat  which  even  the  author  would  proba-  Mr.  Matthea. 

bly  hesitate  to  undertake  when  pressed  for  time,  on  top  of  a  peak, 

assuming  even  a  moderate  wind  to  be  blowing.    The  chances  are  that 

the  average  topographer  would  trust  to  the  adjustment  being  correct, 

and  proceed  with  his  work,  to  the  detriment  of  its  accuracy.     After 

all,  in  a  practical  consideration  of  the  time  actually  saved  by  means 

of  this  device,  it  is  found  to  be  disappointingly  small. 

As  regards  doing  away  with  the  subtracting  of  angles,  no  time  is 
actually  saved,  for  the  recorder  has  ample  time  on  his  hands  in  which 
to  dispose  of  such  computations,  and  check  them  besides.  Doubtless, 
it  would  greatly  lighten  his  work,  and,  in  this  sense,  would  be  val- 
uable, but  no  time  would  be  saved  by  it  as  regards  carrying  on  the 
survey.  In  this  method,  as  in  the  other,  a  bubble  must  be  brought  to 
the  center  of  its  tube;  and  there  remains,  therefore,  as  actual  net  sav- 
ing, the  time  required  to  read  the  vernier  once.  The  question  naturally 
arises:  Is  this  saving  of  time  commensurate  with  the  addition  of  an 
extra  Bpirit  level?  Evidently  not;  unless,  perhaps,  the  alidade  is  to  be 
used  for  detailed  stadia  surveys  in  centers  of  civilization,  as,  for  in- 
stance, on  plans  for  landscape  architecture,  where  the  means  of  trans- 
portation may  warrant  the  use  of  elaborate  instruments.  Here,  no 
doubt,  the  author's  alidade  will  be  found  a  most  serviceable  instrument. 

A  brief  description  of  some  of  the  best  forms  of  alidades  in  use 
will  be  of  particular  interest  in  this  connection.  The  Government 
alidade  has  only  two  adjustments,  both  of  which  can  be  instantly 
tested  whenever  the  topographer  has  reason  to  suspect  anything 
wrong;  and  the  adjustments  themselves  are  so  simple  that  they  can  be 
disposed  of  in  a  very  short  time,  varying,  of  course,  with  the  skill 
of  the  topographer  and  the  velocity  of  the  wind.  The  first  is  the 
adjustment  of  the  striding  level,  which  is  attained  in  the  usual  man- 
ner, by  reversing  it,  end  for  end.  The  second  is  the  collimation  adjust- 
ment, the  horizontal  wire  only  being  corrected.  For  this  purpose,  the 
telescope  has  been  fitted  in  a  sleeve  provided  with  stops  which  allow 
it  to  be  turned  180°  about  its  optical  axis.  The  latest  forms  have  a 
reticule  held  by  four  capstan-headed  screws  which  can  be  moved  in  any 
direction.  An  error  in  the  position  of  the  vertical  wire,  however,  will 
have  no  effect  on  the  work,  provided  it  is  constant  during  any  one 
set-up.  The  same  is  true  of  any  lack  of  parallelism  between  the  edge 
of  the  ruler  and  the  line  of  collimation.  The  horizontal  axis  of  the 
telescope  is  adjusted  by  the  instrument-maker  as  accurately  as  pos- 
sible, and  no  provision  is  made  for  further  adjustment.  The  limb  is 
graduated  to  30',  the  vernier  reading  to  single  minutes.  Most  ali- 
dades are  provided  with  a  declinatoire  fastened  to  the  ruler,  as  shown 
in  Fig.  2,  Plate  XIV.  In  some  classes  of  work  a  prismatic  eye-piece  is 
indispensable.  When  provided,  as  shown  in  the  illustration,  it  should 
be  made  removable.     To  level  the  table  a  circular  bubble  attached  to  the 
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Mr.  Matthee.  ruler  has  been  found  to  be  the  simplest  and  best  device.  The  United 
States  Coast  and  Geodetic  Survey  alidade  is  provided  with  a  filar 
micrometer  eye-piece,  which  enables  the  topographer  to  determine 
the  distance  to  a  triangnlation  signal  by  measuring  the  fraction  of  his 
cross-wire  interval  subtended  by  a  known  distance  on  the  signal,  a 
valuable  aid  in  a  country  where  triangulation  signals  can  be  built  of 
wood.  It  is  particularly  useful  in  taking  long  sights,  exceeding  the 
limit  of  stadia  observations,  where  no  great  accuracy  is  required,  as, 
for  instance,  in  plotting  wood  or  marsh  lines.  A  two-target  rod  is 
used  in  such  cases. 

Simple  as  it  is,  the  Government  alidade  is  entirely  adequate  for  the 
work,  and  the  very  highest  grade  of  topographic  surveying  is  daily 
being  done  with  it.  On  the  whole,  it  may  be  said  that  it  is  much 
easier  to  design  surveying  instruments  with  a  complication  of  parts, 
than  it  is  to  design  those  of  simple  and  yet  adequate  construction. 

It  is  gratifying  and  worthy  of  note  that  in  this  respect  American 
instrument  makers  are  ahead  of  European  makers.  Many  types  of 
surveying  instruments  manufactured  abroad  at  the  present  day, 
referring  to  those  of  the  best  makers,  are  provided  with  parts,  which, 
to  the  practical  engineer  in  this  country,  are  mere  elaborations,  and 
are  frequently  more  of  a  hindrance  than  a  help.  Generally,  many  such, 
parts,  though  useful,  can  be  dispensed  with  altogether,  by  adopting 
different  though  equally  good  methods  of  prosecuting  the  work;  or 
they  could  be  replaced  by  simpler  devices,  which  would  reduce  the 
weight  of  the  instrument,  increase  its  portability  and  necessitate  fewer 
adjustments. 

The  error  most  frequently  made  is  that  of  endeavoring  to  pro- 
duce instruments  that  shall  be  capable  of  a  multitude  of  operations, 
perhaps  going  to  the  extent  of  solving  formulas,  an  endeavor  which  in 
itself  is  commendable  enough,  having  as  a  primary  object  the  saving 
of  time,  but  which  in  its  practical  application  is  likely  to  result  in  the 
instruments  produced  being  so  bulky,  so  unnecessarily  complicated, 
and  consequently  so  hard  to  keep  in  adjustment  as  to  defeat  the  very 
object  for  which  they  were  designed.  As  a  conspicuous  example  of 
misdirected  efforts  of  this  kind  the  Tachygraphometer,  shown  in 
Fig.  2,  Plate  XV,  and  which  will  presently  be  described,  is  noteworthy. 

Among  the  great  variety  of  existing  forms  of  alidades,  two  are  found 
which  merit  attention,  being  particularly  designed  to  "  increase  the 
accuracy  or  rapidity  of  surveying  operations. "  The  Kern  alidade,  men- 
tioned previously,  is  provided  with  a  complete  vertical  circle  grad- 
uated on  its  rim,  with  an  adjustable  vernier  and  spirit  level,  and  with 
an  attached  reading  glass.  The  telescope  is  mounted  on  one  side 
of  the  standard,  and  can  be  completely  revolved  about  its  horizontal 
axis,  its  weight  being  counterbalanced  on  the  other  side  of  the  standard 
by  the  vertical  arc  and  its  accessories.     In  addition,  the  standard  can 
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be  fastened  at  several  points  along  the  ruler,  a  great  advantage  in  -work-  Mr.  Matthes. 
ing  with  a  large  table.     The  Kern  alidade  is  a  beautifully  finished  in- 
strument, and  its  scarcity  in  this  country  must  be  accounted  for  by  its 
elaborate  character,  which  renders  it  wholly  unfit  for  hard  service. 

Another  form  of  alidade  which  unites  many  practical  advantages  is 
that  invented  by  Mr.  A.  H.  Bu  instead,  of  the  United  States  Geological 
Survey,  shown  in  Fig.  I,  Plate  XV,  and  manufactured  for  him  by  W.  and 
L.  E.  Gurley  and  Company.  As  in  the  Kern  alidade,  its  standard  is 
detachable,  and  can  be  mounted  rigidly  and  with  ease,  by  means  of 
an  ingenious  device  on  rulers  of  different  lengths,  carried  by  the  topog- 
rapher in  a  special  case.  The  vertical  arc  is  similar  in  form  to  that 
of  the  Government  alidade,  but  is  graduated  80°  each  way  from  the 
zero  point,  which  is  in  the  center  of  the  limb.  A  spirit  level,  not  easily 
distinguished  in  the  illustration,  being  partially  hidden  by  the  vertical 
arc,  is  attached,  by  means  of  a  stout  projecting  arm,  to  the  standard, 
making  it  possible  to  level  the  entire  instrument  frame,  exclusive  of  the 
ruler,  by  turning  the  screw  A. 

The  adjustments  are  made  as  follows:  The  striding  level  is  first 
made  parallel  with  the  line  of  collimation,  as  in  other  alidades;  the 
vernier  is  then  set  at  zero,  and  the  entire  instrument  is  leveled  by 
means  of  the  striding  level  and  the  screw  A.  This  accomplished,  the 
spirit  level  mounted  on  the  standard  is  made  parallel  with  the  striding 
level,  after  which  the  striding  level  can  be  removed,  and  the  alidade 
is  ready  for  work. 

The  operation  of  reading  a  vertical  angle  is  as  follows:  The  tele- 
scope is  pointed  at  the  object  to  be  located,  and  the  bubble  is  brought 
to  the  center  of  its  tube.  The  telescope  is  then  clamped,  and  the  hori- 
zontal wire  is  brought  to  the  desired  height  on  the  object  or  rod,  and 
the  true  vertical  angle  can  then  be  read  at  once. 

This  alidade  possesses  another  valuable  feature,  With  the  aid  of 
a  horizontal  screw  to  the  right  of  At  but  not  visible  in  the  illustration, 
the  entire  instrument  frame  can  be  rotated  in  azimuth  on  the  ruler. 
The  object  of  this  attachment  is  to  enable  the  topographer,  when  first 
orienting  the  table,  to  bring  the  vertical  wire  exactly  on  the  triangula- 
tion  signal  sighted,  after  he  has  brought  it  approximately  there  by 
setting  and  clamping  the  table.  Mr.  Bumstead's  alidade  has  also  been 
made  with  a  filar  micrometer  eye-piece,  intended  to  be  used  for  the 
same  purpose  as  in  the  case  of  the  Coast  Survey  alidade.  The  former 
instrument  has  been  used  during  the  last  two  years  by  its  inventor  and 
others  on  the  survey  of  the  Adirondack  Reserve,  and  has  given  excel- 
lent satisfaction.  In  the  writer's  opinion,  the  field  for  the  above 
described  forms  of  alidade,  including  that  of  the  author,  will  neces- 
sarily remain  limited,  owing  to  the  fact  that  their  constructions  are  not 
adapted  to  rough  means  of  transportation. 

The  Tachygraphometer,  shown  in  Fig.  2,  Plate  XV,  is  manufactured 


284  DISCUSSION  OK  SURVEYING  IN8TBUMENT8.  [Papers. 

Mr.  Matthee.  by  L.  Tesdorpf ,  of  Stnttgart,  Germany.  It  is  designed  to  take  the  place 
of  the  alidade  on  the  plane  table,  and  purports  to  reduce  and  plat 
stadia  observations  mechanically.  Being  mounted  on  three  ivory 
wheels,  its  position  on  the  table  can  be  shifted  at  will,  small  brakes 
being  applied  when  the  instrument  is  properly  pointed.  The  telescope 
once  set  and  the  rod  reading  taken,  the  operator,  for  he  can  hardly  be 
called  a  surveyor,  sets  the  index  of  a  scale  opposite  the  proper  rod  read- 
ing, and  without  further  bothering  his  head  about  vertical  angles, 
proceeds  to  shift  a  series  of  parts,  when  lo!  the  elevation  of  the  point 
sought  is  indicated  on  the  vertical  scale,  and  the  location  of  the  point 
itself  is  correctly  brought  about  by  merely  pressing  a  button.  Had 
only  a  nickel-in-the-slot  attachment  been  provided,  could  anything 
more  perfect  be  imagined?  But  let  not  the  reader  enthuse  too  soon. 
The  operator  has  completed  his  set-up  and  is  about  to  move  to  another 
point.  He  takes  the  Tachy graph ometer  from  the  table,  but  finds  he 
cannot  carry  it  like  an  alidade,  for  not  only  is  it  too  heavy,  but  it 
affords  no  convenient  hold  anywhere.  He  must  put  it  back  into  its 
box.  More  trouble!  The  instrument  will  not  go  in  as  it  is;  some  of 
its  parts  must  first  be  removed.  These  fit  in  the  box  in  places  specially 
provided,  and  not  until  they  have  been  taken  care  of  can  the  instru- 
ment itself  go  in.  The  box  is  ready  at  last,  and  a  right  heavy  load  it 
is.  The  topographer  picks  up  his  table,  the  assistant  with  the  Tachy- 
graphometer  comes  toiling  after,  and  by  the  time  they  reach  the  next 
station,  they  will  probably  find  their  patient  rodman  slumbering  peace- 
fully. The  stadia  rod  used  in  conjunction  with  the  Tachy  graphometer 
is  held  at  right  angles  to  the  line  of  sight,  the  rodman  being  provided 
for  this  purpose  with  a  simple  wooden  attachment  serving  as  pointers. 
In  keeping  with  the  complicated  character  of  the  instrument,  the 
graduations  of  the  rod  are  of  a  complexity  that  defies  description.. 

The  writer  has  had  occasion  to  test  the  Tachy  graphometer.  It  did 
splendidly,  but  fortunately  he  did  not  take  it  further  from  the  house 
than  the  adjoining  tennis  court.  Only  one  instance  of  this  instrument 
being  used  on  actual  surveys  on  this  side  of  the  Atlantic  is  known  to 
the  writer.  This  was  on  a  railroad  survey  in  Mexico,  during  the 
course  of  which  it  soon  developed  that  the  Tachygraphometer  was 
least  of  a  nuisance  when  left  at  the  office.  If  other  surveyors  have  had 
a  profitable  experience  with  this  instrument  the  writer  would  be  glad 
to  be  informed.  The  Tachygraphometer  is  a  beautiful  mathematical 
machine,  but,  as  a  surveying  instrument  intended  to  lighten  and  dis- 
patch work,  it  is  a  failure. 

Mr.Sundstrom.  C.  A.  Sundstbom,  M.  Am.  Soc.  0.  E.  (by  letter). — Mr.  Webb's 
devices  no  doubt  increase  the  accuracy  of  the  work,  but  some  of 
them  introduce  great  refinement,  where  only  approximate  results  can 
be  obtained,  and,  by  increasing  the  number  of  appurtenances  to  the 
instruments,  make  them  unnecessarily  bulky  and  heavy. 
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As  the  plane-table  alidade,  the  first  instrument  mentioned  by  Mr.  Mr.Sundstrom. 
Webb,  mnst  be  used  in  conjunction  with  the  plane  table,  a  short 
review  will  be  made  of    the    uses    for  which    the  plane  table  is 
adapted. 

The  main  object  of  all  surveying  instruments  is  to  determine  the 
geographical  location  and  shape  of  tracts  of  land  or  objects  on  the 
surface  of  the  earth.  The  principal  outlines  of  a  tract  of  land  can- 
not be  determined  accurately  by  means  of  a  plane  table.  They  must 
be  located  geodetically  or  trigonometrically.  But  the  interior  part, 
or  the  filling  in,  can  be  accomplished  by  the  use  of  the  plane  table. 
The  location  of  houses  and  other  objects  on  the  surface  of  the  earth 
can  be  made  very  advantageously  by  the  method  of  intersections,  when 
the  alidade  without  telescope  can  be  used.  For  the  location  of  con- 
tours, a  more  complicated  alidade  can  be  made  useful.  In  the  writer's 
opinion,  leveling  with  the  alidade  is  not  practicable.  The  best  results 
are  obtained  by  using  an  engineer's  level  for  getting  elevations,  and 
using  the  alidade  only  for  determining  geographical  positions.  The 
alidade  will  then  be  reduced  to  the  smallest  number  of  parts,  and  thus 
become  light  and  convenient  to  handle.  A  light  alidade  will  not  be  so 
apt  to  throw  the  plane  table  out  of  line  as  a  larger  and  heavier  instru- 
ment would. 

The  writer  was  employed  by  the  Swedish  Government  on  topo- 
graphical work  about  24  years  ago.  On  this  survey,  all  the  instru- 
ments were  extremely  light  and  convenient  to  handle,  with  the 
exception  probably  of  the  theodolite  used  on  the  triangulation.  The 
plane  table  was  made  in  the  form  of  a  box,  14  x  12  x  1 J  ins.  The  bot- 
tom and  sides  were  made  of  hard  wood,  beech  or  birch,  and  the  top 
of  white  pine  or  aspen.  One  longitudinal  and  one  transverse  rib 
added  strength  to  the  table.  The  thickness  of  the  wood  was  J  in. 
The  top  was  made  of  soft  wood,  so  that  a  needle  could  be  used  to 
determine  the  point  about  which  the  alidade  was  to  revolve;  and,  in 
order  to  secure  the  exact  position  of  the  alidade  along  important 
sight  lines,  a  needle  was  placed  near  the  edge  of  the  table,  at  each 
terminus  of  the  line.  The  appurtenances  to  the  plane  table  consisted 
of  two  alidades  (one  with  and  the  other  without  a  telescope),  one  spirit- 
level,  one  compass  and  one  plumb-bob,  all  placed  in  a  light  box, 
which  the  rodman  carried  on  his  back  by  a  strap.  The  alidade,  with 
the  telescope,  weighed  less  than  3  lbs.  The  telescope  was  J  in.  in 
diameter,  and  was  fastened  to  the  side  of  a  hollow  cylindrical  post, 
attached  to  a  ruler,  12  ins.  long  and  1£  ins.  wide,  beveled  on  one  edge, 
and  channeled  on  the  under  side.  The  telescope  was  provided  with  a 
level,  a  vertical  arc  and  stadia  wires.  The  paper  used  for  the  plane 
table  was  14  x  16  ins.,  and  was  stretched  on  the  table  in  the  following 
manner:  The  four  corners  were  cut  off,  the  cuts  making  right-angled 
triangles  of  about  1  in.  base  and  altitude,  each  hypothenuse  being 
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Mr.Sundstrom.  perpendicular  to  the  diagonal  through  the  corner.  The  paper  was 
then  vetted,  and,  after  glue  had  been  applied  to  the  sides  of  the  plane 
table,  the  overhanging  edges  of  the  paper  were  turned  down  and 
glued  to  the  sides  of  the  table.  When  the  table  was  nearly  covered 
by  parts  of  a  map,  an  extra  table,  with  the  paper  stretched  on  it,  was 
carried  in  the  field,  and  upon  it  the  work  was  continued.  When  more 
than  one  extra  table  was  used,  a  light  box  containing  them  was  carried 
along. 

The  nearest  approach  to  Swedish  plane  tables,  which  the  writer 
has  seen  in  this  country,  are  those  used  by  the  United  States  Geologi- 
cal Survey,  and  are  15  ins.  square. 

The  use  of  the  stadia  slide  rule  is  not  so  convenient  as  the  graphical 
chart.  Such  a  chart,  made  of  the  same  size  as  the  plane  table,  can 
easily  be  placed  on  top  of  the  table,  and  held  there  by  the  covering 
used  for  the  protection  of  the  table,  while  the  instrument  is  moved 
from  one  station  to  another.  The  chart  has  another  advantage  in 
enabling  one  man  to  attend  to  the  plane  table,  without  losing  time. 
As  soon  as  the  stadia  reading  has  been  made,  the  plane-table  man  has 
ample  time  to  make  his  reduction  by  the  chart,  and  plot  the  point  on 
the  table,  while  the  rod  man  moves  to  another  station  and  the  leveler 
to  a  new  point.  A  self-reading  level  rod  was  used,  both  for  leveling 
and  stadia  readings. 

The  tension  frames  for  steel -tape  measurements  are  not  practical. 
No  doubt,  they  work  well  in  measuring  a  base  line  on  the  university 
campus,  but  they  are  useless  in  hilly  country.  Professor  Jaderin's 
arrangement  *  is  far  better. 

Before  leaving  this  subject,  the  writer  would  like  to  call  attention 
to  some  devices  which  he  has  found  useful  during  many  years'  practical 
experience  in  surveying.  One  of  the  most  useful  is  the  etched  cross- 
hair, made  by  photographing  a  cross  on  a  thin  piece  of  plate  glass,  large 
enough  to  be  placed  in  the  metal  ring  which  usually  carries  the  cross- 
hairs. After  the  negative  is  obtained,  it  is 
exposed  to  the  fumes  of  hydrofluoric  acid, 
until  an  etching  sufficiently  deep  has  been 
produced.  In  order  to  make  the  cross 
opaque,  blacking  can  be  placed  in  the  etch- 
ing, which  makes  the  cross  more  clearly  visi- 
ble when  strong  light  enters  the  objective 
of  the  telescope. 

The  glass-edged  stadia  are  made  from 
two  pieces  of  plate  glass,  attached  to  a  metal 
frame,  as  shown  in  Fig.  2.  The  pieces  of 
plate  glass,  A  A,  are  adjusted  by  the  cap- 
stan screws,  B  B,  which  operate  the  metal 
frames  into  which  the  glasses  are  inserted. 


Fio.  a. 


The  glasses  have  their 


*  See  Johnson's  "  Theory  and  Practice  of  Surveying." 
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inner  edges  slightly  beveled  and  highly  polished,  and,  after  having  Mr.Sundstrom. 

been  properly  adjusted,  the  beveled  edges  will  serve  as  stadia  wires. 

An  arrangement  is  also  made,  by  which  the  glass-edged  stadia  are  out 

of  focus  when  the  cross-hairs  are  visible,  and  vice  versa,     A  transit 

with  etched  cross-hairs  and  glass-edged  stadia  has  been  in  use  by  the 

writer  for  two  years,  and,  although  tested  frequently,  there  has  been 

no  necessity  for  adjustment  in  that  time. 

The  heliotrope  attachment  to  a  transit  is  shown  on  Plate  XVI.  A  is 
a  clamp  attached  to  one  of  the  standards  of  the  transit,  and  is  held  in 
position  by  the  screw,  B.  Two  bent  standards,  C  and  D,  are  inserted 
in  the  clamp,  A,  and  secured  by  the  screws,  E  E.  Each  of  the 
standards  carries  a  mirror  with  two  motions,  and,  by  revolving  the 
standards  and  moving  the  mirrors,  a  flash  in  the  direction  of  the  line 
of  collimation  of  the  transit  can  always  be  produced  in  every  position 
of  the  sun. 

John  F.  Hatfobd,  Assoc.  M.  Am.  Soc  C.  E.  (by  letter). — In  the  Mr.  Hayford. 
fifth  portion  of  Professor  Webb's  paper  it  is  set  forth  rather  tersely 
that  to  satisfy  the  requirements  of  modern  steel-tape  measurements  it 
is  necessary  to  determine  the  tension  on  the  tape  with  great  accuracy ; 
that  the  tension  must  be  determined  "  with  an  accuracy  which  is  be- 
yond question  ";  that  the  ordinary  spring  balance  is  useless  for  this 
purpose,  and  that  even  if  a  high-grade  spring  balance  is  used  there  is 
an  uncertainty  as  to  the  tension  actually  measured  when  the  balance 
is  used  in.  the  horizontal  position,  which,  added  "  to  the  feeling  of  un- 
certainty of  the  measurement  of  a  force  by  a  spring  "  makes  the  spring 
balance  unfi,t  for  use  in  connection  with  precise  steel-tape  measure- 
ments. An  apparatus  designed  by  Professor  Webb  for  putting  the 
tension  on  a  steel  tape  and  measuring  it  by  the  moment  of  a  weight 
about  a  knife-edge  is  then  described  fully. 

The  writer  does  not  believe  that  the  facts  warrant  such  a  sum- 
mary dismissal  of  the  spring  balance  from  consideration.  It  has 
proved  its  usefulness  and  reliability  on  twelve  primary  bases  in  the 
Coast  and  Geodetic  Survey,  and  has  remained  and  still  remains  in  use 
and  in  good  favor  after  ten  years  of  service.  During  all  these  years 
the  spring  balance  and  its  mounting,  as  used  by  Professor  R.  S. 
Woodward  on  the  Holton  Base,*  has  remained  practically  unmodified. 
It  will  be  difficult  to  find  in  the  United  States  any  other  stretching 
device  for  tapes  which  has  been  subjected  to  a  test  which  is  comparable 
with  that  through  which  this  one  has  passed  so  successfully. 

The  writer  believes  that  the  method  of  measuring  the  tension  on  a 
tape  which  is  advocated  by  Professor  Webb — and  it  has  been  advocated 
by  others — has  a  possible  field  of  its  own.  To  adapt  the  device  for 
actual  field  use,  rather  radical  changes  in  the  design  here  submitted 
would  seem  to  be  necessary,  however. 

*  See  Coast  and  Geodetic  Survey  Report  for  1892,  Appendix  No.  8,  pp.  414-415. 
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Mr.  Hayford.  in  the  following  paragraphs  an  attempt  will  be  made  first  to  indi- 
cate briefly  the  superiority,  tinder  certain  conditions,  of  the  spring 
balance  over  the  gravity  balance  for  the  measurement  of  tape  tension; 
and  secondly  to  indicate  the  possible  field  within  which  the  gravity 
balance  is  to  be  preferred  to  the  spring  balance. 

The  spring  balance  used  by  the  Coast  and  Geodetic  Survey  in  its 
primary  base  measurement  carries  a  dial  graduated  to  25- gr.  spaces. 
Under  field  conditions  there  is  found  to  be  no  difficulty  in  holding 
the  pointer  to  within  12  gr.  (0.  4oz.)  of  a  given  reading.  This  spring 
balance  is  hung  in  gimbals  at  its  center  of  gravity  (after  counterweight  - 
ing).  The  gimbals  are  supported  in  position  by  a  lever  about  4  ft. 
long  used  in  a  nearly  vertical  position  and  having  its  lower  end  con- 
nected by  a  universal  joint  to  a  heavy  foot -board  laid  flat  upon  the 
ground,  and  upon  which  the  operator  stands.  The  gimbals  and  bal- 
ance can  be  adjusted  quickly  to  any  desired  height  within  a  total 
range  of  about  2  ft.  by  a  heavy  nut  moving  on  a  screw  thread  cut  on 
the  lever.  With  this  apparatus  an  experienced  operator  requires  very 
few  seconds,  after  reaching  a  new  station,  to  get  his  balance  adjusted 
to  the  proper  height  and  position  and  to  apply  the  desired  tension. 
Neither  does  he  find  any  difficulty  in  maintaining  the  desired  tension 
continuously  within  12  gr.,  even  at  the  end  of  two  or  three  hours  of 
continuous  tape  measurement  during  which  he  has  walked  and  carried 
his  apparatus  several  miles,  and  set  it  up  at  scores  of  different  points. 

All  accurate  field  tape  measurements,  in  so  far  as  the  writer  is 
aware,  are  made  with  the  tape  supported  at  a  few  points  only.  Under 
these  conditions  the  distance  between  the  end  graduations  of  the  tape 
increases  with  an  increase  of  applied  tension,  both  because  the  tape 
stretches  by  an  amount  which  is  dependent  upon  its  modulus  of 
elasticity,  and  because  the  sag  of  each  catenary  formed  by  the  tape  is 
decreased. 

The  primary-base  tapes  now  UEed  in  the  Coast  and  Geodetic  Survey 
are  of  steel,  about  6  mm.  (J  in.)  wide  and  0.5  mm.  (A  in-)  thick,  and 
weigh  about  22  gr.  per  meter  of  length.  "When  in  use  they  are  sup- 
ported at  intervals  of  25  m.  The  tension  applied  is  15  kgr.  A  varia- 
tion of  12  gr.  [(0.4  oz.)  in  either  direction  from  the  tension  of  15 
kgr.  makes  a  change  of  only  1  part  in  3  000  000  in  the  apparent 
length  of  the  tape.  As  previously  stated,  the  tension  is  easily  held 
within  this  limit  on  each  tape  length.  The  small  outstanding  acciden- 
tal variations  from  the  standard  tension,  due  to  variations  within  this 
limit,  and  to  friction  in  the  apparatus,  necessarily  have  a  decided  ten- 
dency to  be  eliminated  by  compensation  in  the  long  run.  All  diffi- 
culty about  the  difference  between  the  inclinations  of  the  balance  in  the 
horizontal  and  the  vertical  positions  is  avoided,  in  the  practice  of  the 
Coast  and  Geodetic  Survey,  by  standardizing  the  balance  in  the  hori- 
zontal position.  One  of  several  spring  balances  is  carefully  standardized 
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at  the  beginning  and  end  of  the  working  season.  During  the  working  Mr.  HayfonL 
season  the  balance  which  is  actually  used  on  each  night  of  base  measure- 
ment is  compared  with  this  standard  just  before  starting  away  from 
camp.  The  same  man  operates  the  spring  balance  throughout  the 
season,  during  the  standardization  of  the  tape  as  well  as  during  the 
base  measurement.  As  what  is  really  necessary  to  secure  accurate 
results  is  that  the  tension  applied  to  the  tape  during  base  measure- 
ment shall  be  exactly  the  same  as  that  applied  to  it  during  standardiz- 
ation, it  is  believed  that  the  practice  outlined  above  insures  that  the 
constant  error  in  any  base  due  to  error  in  applied  tension  is  surely  less 
than  1  part  in  1  000  000. 

In  the  primary-base  measurements  of  the  Coast  and  Geodetic  Sur- 
vey the  device  for  applying  the  tension  at  the  rear  end  of  the  tape  is 
simply  a  light  crowbar.  The  man  with  the  bar  comes  up  to  his  new 
position  when  the  tape  is  carried  forward,  strikes  the  bar  into  the 
ground  at  the  proper  point,  which  he  estimates  with  sufficient  accu- 
racy by  eye,  slides  the  loop  of  cord,  around  the  bar  to  which  the  tape 
is  fastened,  upward  or  downward  to  the  desired  position,  and  by  a 
backward  movement  of  the  upper  end  of  the  bar,  using  it  as  a  lever, 
brings  the  graduation  of  the  tape  to  exactly  the  correct  alignment  and 
longitudinal  position.  An  officer  with  a  small  reading  glass,  kneeling 
at  the  rear-end  stake,  controls  the  final  adjustment  to  exact  coincidence 
between  the  tape  graduation  and  the  fine  line  on  a  copper  strip  on  the 
stake  which  marks  the  previous  position  of  the  front-end  graduation  of 
the  tape.  He  controls  the  man  at  the  bar  by  word,  and,  at  the  same 
time,  steadies  the  tape  and  eliminates  slight  longitudinal  motions  by 
pressing  the  tape  lighly  against  the  top  of  the  stake  with  one  finger. 
By  this  method  there  is  found  to  be  no  difficulty  in  making  a  coinci- 
dence to  within  0.1  mm.  (or  sio  iQ>)  in  a  few  seconds.    . 

No  appreciable  gain  in  accuracy  in  geodetic  operations  is  gained 
by  reducing  the  accidental  errors  of  base  measurement  below  the 
limit  indicated  by  a  probable  error  of  1  part  in  500  000.  Any 
greater  accuracy  is  lost  in  the  first  group  of  triangles  surrounding  the 
base.  If  steel  tapes  are  used  with  mercurial  thermometers  at  night, 
there  is  no  difficulty  in  rapidly  securing  as  great  a  degree  of  accuracy 
as  this.  On  the  other  hand,  even  if  all  possible  precautions  are  used, 
the  probable  error  can  with  difficulty,  and  only  at  considerable  extra 
expense,  be  reduced  below  1  part  in  3  000  000  when  mercurial 
thermometers  are  used,  and  great  and  perhaps  insuperable  obstacles 
are  encountered  in  trying  to  insure  that  a  constant  error  as  great  as 
1  part  in  1  000  000  is  not  left  in  the  final  result,  due  to  the  thermom- 
eters indicating  an  erroneous  temperature  for  the  tape.  The  writer 
believes  that  within  this  range  of  accuracy,  of  which  the  lower  limit  is 
fixed  by  the  possible  accuracy  of  triangulation  and  the  upper  limit  is 
fixed  by  the  defective  indications  of  mercurial  thermometers,  the 
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Mr.  Hay  ford,  spring  balance  is  to  be  preferred  to  a  gravity  balance  as  a  tape 
stretcher,  because  it  can  be  much  more  conveniently  and  quickly 
handled. 

Professor  Webb's  gravity  balance  would  be  found  to  be  very  slow  and 
inconvenient  to  handle  in  the  field,  because  it  has  insufficient  range  of 
adjustment  and  very  slow  means  of  adjustment.  The  base  tape  must 
hang  clear  of  the  ground  at  all  points.  This  makes  it  necessary  to 
have  a  range  of  at  least  2  ft.  in  the  height  of  end  stakes,  to  avoid  much 
grading.  There  must  be  a  corresponding  range  in  height  of  adjust- 
ment of  the  stretching  device,  and  the  device  must  be  capable  of  a 
quick  adjustment  over  this  whole  range.  Professor  Webb's  apparatus 
is  decidedly  faulty  in  this  respect.  A  successful  tension  apparatus 
must  have  within  itself  a  considerable  range  of  longitudinal  adjust- 
ment, otherwise  much  time  will  be  lost  in  placing  the  supporting 
frame  by  trial  in  various  positions,  especially  in  stony  or  otherwise 
troublesome  ground.  Both  the  front  and  rear  end  tension  frames  in 
Professor  Webb's  apparatus  are  decidedly  defective  in  these  respects, 
in  comparison  with  the  Coast  and  Geodetic  Survey  apparatus.  More- 
over, in  the  use  of  Professor  Webb's  apparatus  it  is  evident  that  the 
inclination  and  the  alignment  of  the  tension  frame  at  the  front  end  of 
the  tape  must  be  made  nearly  correct,  as  a  comparatively  small  error 
in  either  of  these  respects  will  either  throw  the  apparatus  out  of  use 
or  make  the  tension  erroneous.  The  necessity  of  setting  the  front 
tension  frame  to  conform  with  these  requirements  will  help  to  make  it 
a  slow  and  annoying  apparatus  for  field  use.  In  the  Coast  and  Geo- 
detic Survey  Btretching  apparatus  these  two  adjustments  are  made 
automatically  by  the  gimbals. 

During  the  working  season  of  six  months  in  1901  nine  primary 
bases  were  measured  by  the  Coast  and  Geodetic  Survey  by  one  party, 
under  Mr.  A.  L  Baldwin.*  These  nine  bases  are  scattered  along  the 
ninety-eighth  meridian  from  northern  Nebraska  to  southern  Texas. 
Their  aggregate  length  was  69  km.  (43  miles).  The  probable  errors  of 
these  bases  vary  from  1  part  in  690  000  to  1  part  in  1  640  000. 
About  four-fifths  of  these  measurements  were  made  with  steel  tapes, 
mercurial  thermometers  and  the  stretching  apparatus  referred  to  pre- 
viously. About  two-fifths  of  all  these  measurements  were  made  with 
tapes  only  50  m.  long.  The  average  speed  of  measurement  with  these 
50-m.  tapes  for  the  whole  season  was  1.8  km.  (1.1  miles)  per  hour,  or 
thirty -six  tape  lengths  per  hour.  On  eight  different  occasions  during 
the  season  measurements  of  from  1  to  3  km.  were  made  at  a  speed 
exceeding  2  km.  per  hour.  This  corresponds  to  less  than  90  seconds 
per  tape  length,  including  the  walking  and  miscellaneous  delays.  The 
time  spent,  after  reaching  a  new  tape  position,  in  stretching  the  tape, 
making  the  coincidence  at  the  rear  end,  marking  the  position  of  the 

*  A  complete  account  of  these  base  measurements  will  appear  in  a  few  months  in 
Appendix  No.  8,  of  the  Coast  and  Geodetic  Survey  Report  for  1901. 
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front  end,  and  reading  the  thermometers,  was,  therefore,  during  regu-  Mr.  Hayford. 
lar  work,  from  30  to  40  seoonds,  on  an  average,  and,  very  frequently, 
must  have  been  less  than  20  seconds.  If  Professor  Webb  will  try  to 
manipulate  his  apparatus,  even  with  an  experienced  party,  at  a  speed 
even  one-half  as  great  as  this  over  ordinary  ground,  he  will  under- 
stand why  the  Woodward  tape  stretchers  are  still  in  favor  in  the  Coast 
and  Geodetic  Survey. 

If  any  method  is  put  into  use  by  which  the  temperature  of  the 
tape  can  be  obtained  accurately,  and  the  limitation  on  the  accuracy 
imposed  by  the  use  of  mercurial  thermometers  is  thus  removed,  it  will 
become  possible  to  measure  a  base  with  a  steel  tape  with  a  probable 
error  of  1  part  in  5  000  000.  When  this  is  attempted  it  will  be 
necessary  to  measure  the  tension  with  a  considerably  higher  degree  of 
accuracy  than  is  attainable  with  the  spring  balances  and  stretching 
device  now  in  use  in  the  Coast  and  Geodetic  Survey.  The  gravity 
balance  may  be  the  tension  instrument  of  great  accuracy  which  is 
needed  for  this  purpose.  But  it  is  not  at  all  certain,  if  equal  care  were 
taken  in  designing  two  sets  of  stretching  apparatus  for  this  special 
purpose,  in  one  of  which  a  gravity  balance  should  be  used  and  in  the 
other  a  specially  designed  spring  balance,  that  the  spring  balance 
would  not  be  found  to  give  as  great  accuracy  as  the  gravity  balance 
and  still  preserve  its  present  superiority  as  to  rapidity  and  conve- 
nience of  handling.  It  should  be  kept  in  mind  that  the  spring  balance 
now  used  by  the  Coast  and  Geodetic  Survey  is  of  the  ordinary  type 
which  can  be  bought  in  the  market  for  $3.50,  and  it  will  not  be  difficult 
to  improve  upon  its  present  construction.  The  writer  would  be 
pleased  to  see  someone  perfect  the  gravity  balance  for  use  as  a  tape 
stretcher  on  field  measurements  of  the  highest  grade  of  accuracy. 
Professor  Webb's  design  would  be  unsatisfactory  for  such  use  unless 
radically  modified  along  the  lines  indicated  by  the  preceding  criticism, 
so  as  to  make  it  capable  of  rapid  handling. 

.  In  the  preceding  paragraph  the  possibility  of  a  method  of  deter- 
mining the  tape  temperature  with  the  accuracy  necessary  to  obtain  a 
probable  error  of  1  part  in  5  000  000  being  put  into  use  is  men- 
tioned. The  thermophone  apparatus,  designed  at  the  Massachusetts 
Institute  of  Technology,*  furnishes,  so  far  as  the  writer  is  aware,  the 
only  promise  of  immediate  success  in  this  respect.  This  apparatus 
measures  directly  the  variation  in  the  electric  resistance  of  the  tape, 
which  is  a  function  of  the  temperature  of  the  tape. 

WiLiiABD  D.  Lookwood,  Assoc.   M.  Am.  Soc.  C.  E.  (by  letter). —  Mr.  Lockwood. 
This  paper  has  brought  forward  some  points  that  have  been  often 
discussed  in  the  hearing  of  the  writer  during  the  past  ten  years,  and 
which  are  probably  familiar  to  most  engineers  who  have  had  any  very 
extended  experience  in  the  field. 

*  A  description  of  this  apparatus  is  published  in  the  Technology  Quarterly,  June, 
flOl,  pages  88-88. 
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Mr.  Lockwood.  xhe  writer  agrees  most  cordially  with  Mr.  Webb  as  to  the  use  of 
the  stadia  in  connection  with  the  plane  table,  though  the  experience 
of  the  writer,  with  the  plane  table,  is  where  it  has  been  used  as  a  means 
of  cutting  in  controlling  points,  with  the  intermediate  topography 
sketched  in ;  but  Mr.  Webb  evidently  has  reference  to  more  detailed 
topography. 

As  to  the  accuracy  of  stadia  work  when  the  plate  bubbles  alone 
are  to  be  depended  upon,  any  intermediate  point  on  such  work,  for  a 
topographical  map,  is  assuredly  secured  by  the  plate  bubbles  much 
within  the  limit  of  control  of  the  shot  in  question.  Take  a  shot  of 
1  000  ft. ;  of  course,  on  a  stadia  survey  there  must  of  necessity  be 
many  such,  as  the  great  value  of  stadia  work  is  in  covering  large 
areas  from  few  set-ups.  Now,  in  1  000  ft.,  where  the  intermediate 
shots  are  being  taken  with  great  rapidity,  the  rod  can  be  moved 
forward  or  back  1  ft.,  and  the  observer  would  seldom  make  a  change 
in  the  reading,  thus  making  a  variation  of  2  ft.  in  distance;  now, 
suppose  the  ground  to  be  very  irregular,  or  a  side-hill,  then  this  2  ft. 
could  easily  change  the  elevation  1  ft. ;  hence  it  is  quite  evident  that 
a  minute  of  arc  in  elevation  is  a  small  factor,  as  in  1  000  ft.  it  would 
amount  to  about  0.3  ft.;  and  the  writer  has  observed  that  the  hori- 
zontal corrections  on  the  intermediate  shots  are  seldom  made  when 
the  angle  is  less  than  4°  (as  it  is  evident  that  it  would  be  useless 
refinement,  from  the  fact  that  the  contour  to  the  next  point  is  to  be 
sketched  in,  and  the  uncorrected  shot  in  question  will  be  well  within 
the  limits  of  the  work).  This  is  all  with  the  understanding  that  the 
survey  is  controlled  by  a  transit,  level  and  steel -tape  base  line,  which 
the  writer  believes  should  always  be  the  case  where  close  map  work 
is  to  be  expected. 

It  would  seem  to  the  writer  that  the  refinement  suggested  by  Mr. 
Webb  is  rather  unnecessary;  past  experience  has  shown  that  splendid 
results  may  be  achieved  by  the  regulation  instruments,  when  the  work 
is  done  with  care  by  good  men.  In  the  report  of  D.  J.  Howell,  M. 
Am.  Soc.  C.  E.,  to  the  United  States  Board  of  Engineers  on  Deep 
Waterways,  he  states  that  with  properly  graduated  rods  and  ordinary 
refined  methods,  the  following  results  were  obtained: 

Forty-four  circuits,  selected  at  random  from  several  months'  work,, 
as  run  between  April  and  July,  1898,  show 

Average  length  of  circuits 7  384  ft. 

Average  number  of  stations  occupied 12 

Average  running  error  in  azimuth 1'  32" 

Average  error  in  elevation 0.35  ft. 

Average  error  in  circuit 1  in  1  832 

Maximum  error  in  circuit 1  in     760 

Minimum  error  in  circuit 1  in  4  244 

Of  course,  these  results  speak  for  themselves. 
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As  to  the  vertical  arc  on  a  transit,  the  writer  has  heard  more  hard  Mr-  Lockwood; 
names  applied  to  a  transit,  and  to  the  company  who  sent  it,  when  it 
appeared  on  the  work  with  an  arc  instead  of  a  full  circle,  than  to  all 
the  other  cheap  instruments  and  attachments  ever  sent  out.  And  the 
adjustable  vernier  secured  nearly  as  much  abuse  as  the  arc,  and  to  the 
mind  of  tho  writer,  justly  so,  as  many  mistakes  have  been  made 
through  the  use  of  this  form  of  attachment,  it  being  doubtful  what 
class  of  work  a  man  would  do  with  it  who  could  not  put  an  instrument 
away  in  the  box,  as  Mr.  Webb  suggests,  without  bending  the  arc;  such 
a  man  being  just  about  as  apt  to  knock  the  capstan  heads  off  the 
diaphragm  screws. 

As  a  rule,  when  an  engineer  has  a  survey  of  magnitude  to  make,  he 
finds  there  is  but  little  money  with  which  to  make  it,  as  the  money 
comes  later,  when  the  project  is  decided  by  the  survey.  What  he  de- 
sires to  get  are  plain  men  and  plain  instruments,  both  without  attach- 
ments; not  necessarily  the  much -vaunted  "practical  men,'*  but  the 
men  of  that  class  who  have  been  so  pertinently  described  as  "men 
who  can  do  things."  The  points  of  control  for  the  map  are  first 
secured  by  using  the  combined  strength  and  intelligence  of  his  whole 
party;  then  the  filling  in  can  be  done  by  any  of  the  various  methods, 
without  a  possibility  of  multiplying  errors.  These  methods  are  used, 
it  must  be  understood,  when  material  for  a  first-class  map  is  wanted, 
not  for  an  elaborate,  padded  report. 

As  to  the  carrying  of  a  transit  through  the  bush,  the  writer  has 
found  that  his  associates  always  agreed  that  there  was  but  one  safe 
way,  and  that  was  with  the  telescope  thrown  up  in  line  with  the 
tripod,  as  when  allowed  to  project  it  will  indeed  be  a  "  sore  finger,"  as 
Mr.  Webb  says  of  the  arc.  Of  course,  this  position  of  the  telescope, 
with  an  arc,  is  out  of  the  question,  and  is  one  of  the  many  reasons 
against  the  use  of  anything  but  a  full  circle. 

In  connection  with  the  subject  of  "  Aids  to  Field  Operations,"  the 
writer  would  like  to  mention  the  hand-level,  as  one  cannot  be  thor- 
oughly familiar  with  the  great  value  of  this  little  instrument  without 
having  had  extensive  operations  in  a  heavily  wooded  country.  In  the 
course  of  recent  surveys  made  by  the  writer,  under  the  Isthmian  Canal 
Commission,  in  Nicaragua,  the  usefulness  of  the  hand-level  was  shown 
up  in  all  its  details.  In  making  a  location  for  a  part  of  the  canal  line, 
it  became  necessary  to  develop  a  large  area  of  hilly  country,  the  most 
densely  wooded  in  the  world,  where  nothing  more  than  tunnels  could 
be  cut  through  the  rank  vegetation.  A  base  line  was  run  with  transit, 
steel  tape  and  wye-level,  and  then  the  topographers  with  their  little 
hand -levels  and  cross-section  books  attacked  the  maze  of  tunnels  and 
cross -tunnels,  rarely  seeing  the  sun  from  the  time  they  left  camp 
until  their  return.  The  writer  believes  that  the  method  of  cutting 
the  map  into  small  sheets  and  actually  plotting  the  topography  as  it 
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Mr.  Lockwood .  is  taken  in  the  field,  is  much  superior  to,  and  fully  as  economical,  as 
the  use  of  note-books.  In  Nicaragua  it  was  out  of  the  question, 
owing  to  the  constant  rains,  as  the  note-books  by  night  were  often  as 
wet  as  though  they  had  been  dropped  into  a  river,  and,  in  fact,  they 
occasionally  were,  along  with  the  topographers. 

The  results  of  the  hand-level  topography  were  most  gratifying,  as 
a  projection  made  on  the  map,  from  this  survey,  was  staked  out  with 
precision,  and  checked  a  line  through  the  work  several  miles  long. 

It  has  given  the  writer  pleasure  to  see  the  details  so  well  worked 
out  in  Mr.  Webb's  tension  frame  for  steel-tape  measurements,  as  the 
old  devices,  of  which  the  writer  has  made  [use  in  the  past,  compare 
about  as  favorably  as  an  old  stage  coach  to  a  modern  automobile. 
But,  in  making  use  of  Mr.  Webb's  device,  it  would  seem  that  more 
ease  in  manipulation  could  be  secured  by  extending  the  graduated 
lever-arm  forward,  with  a  tip  turned  up  at  the  end,  to  correspond  in 
height  to  the  tape  clutch  above  the  arm,  thus  readily  showing  when 
the  tape  is  in  perfect  alignment,  and  also  pulling  absolutely  at  right 
angles  to  the  short  lever-arm. 

Mr.  Sabin.  L.  C.  Sabin,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — The  increasing 
use  of  steel  tapes  or  wires  for  accurate  measurements  lends  a  special 
interest  to  that  part  of  this  paper  relating  to  the  method  of  applying 
the  tension  to  base-measuring  tapes. 

The  author's  adaptation  of  the  principle  used  on  the  Missouri  River 
Survey  in  1885,  by  the  late  O.  B.  Wheeler,  M.  Am.  Soc.  C.  E.,  for  this 
purpose,  has  many  convenient  and  ingenious  features.  By  improving 
the  method  of  attaching  the  tape  and  weight  to  the  bell-crank,  and  by 
providing  means  for  making  the  small  adjustments  required  to  bring 
the  tape  in  position  over  the  stake,  the  author  has  made  an  improve- 
ment over  the  old  wooden  triangle  with  a  knife-edge  in  the  corner;  but 
it  would  seem  that  he  had  stopped  short  of  providing  a  practical  in- 
strument for  actual  work  under  any  but  exceptional  conditions.  The 
adjustment  for  the  height  of  the  tape  above  the  ground  seems  to  be 
very  limited,  the  actual  limit  depending  upon  the  length  of  the  legs 
of  the  tension  frame,  and  the  softness  of  the  ground.  If  the  earth  is 
so  soft  as  to  allow  these  legs  to  be  pressed  into  it  any  great  distance 
it  is  certainly  not  ideal  for  accurate  measurements,  and  it  is  seldom 
that  one  finds  the  ground  so  level  that  he  can  avoid  a  variation  of  2  or 
3  ft.  in  the  height  of  the  end  marks  of  the  tape  without  frequent 
changes  of  grade.  This,  however,  is  a  detail  that  might  be  remedied ; 
the  real  question  is :  Can  this  style  of  tension  appliance  be  made  suffi- 
ciently portable  to  justify  its  replacing  the  spring  balance? 

The  possibility  of  the  introduction  of  errors  through  the  use  of 
the  spring  balance  cannot  be  denied,  yet  with  proper  precaution  it  is 
capable  of  giving  quite  accurate  and  reliable  results.  It  is  a  com- 
paratively easy  matter  to  test  the  constancy  of  the  balance  with  a 
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known  weight,  though,  as  the  author  states,  to  determine  the  actual  Mr.  Sabio. 
tension  on  the  tape  an  allowance  must  be  made  for  the  difference  be- 
tween the  readings  of  the  balance  when  vertical  and  when  horizontal. 

The  steel  tape  is  capable  of  giving  results  of  considerable  accu- 
racy, without  great  refinements  in  the  preparation  of  the  line  and  the 
method  of  use.  It  finds  its  greatest  usefulness  in  this  field,  and  it  is 
not  wise  to  multiply  contrivances,  unless  a  distinct  gain  in  accuracy 
is  made.  With  a  spring  balance  and  a  tension  frame  of  wood,  that 
may  be  made  in  a  few  minutes,  the  writer  has  measured  short  bases 
with  such  accuracy  that  the  error  of  the  first  quadrilateral  off  the 
base  was  greater  than  the  portion  of  the  error  in  length  of  base  which 
could  be  charged  to  the  manipulation  of  measurement.  While  no 
single  step  in  the  method  is  thought  to  be  new  or  original,  as  it  is 
taken  in  the  main  from  Professor  Jaderin,  it  may  be  described  as  a 
whole  to  show  that  sufficient  accuracy  for  most  purposes  may  be 
attained  with  very  simple  appliances. 

The  tape  is  supported  by  wire  nails  driven  horizontally  in  stakes 
placed  25  ft.  apart  along  the  line.  The  stakes  to  hold  the  end  marks 
are  2x4  ins.,  well  driven.  The  mark  at  either  end  of  the  tape  is 
referred  to  one  edge  of  the  head  of  a  small  brad,  driven  in  the  top  of 
the  2  x  4-in.  stake  so  that  the  head  is  nearly  flush  with  the  head  of  the 
stake.  The  alignment  and  grade  are  determined  in  the  ordinary  way. 
The  tension  frame  or  tape  stretcher  consists  of  a  wooden  handle  5  ft. 
long  hinged  to  a  short  piece  of  2-in.  plank  forming  a  foot-plate.  The 
operator  places  the  foot-plate  a  short  distance  beyond  the  stake,  at  the 
forward  end  of  the  tape,  and  stands  on  it,  facing  the  tape.  The  hook 
of  the  spring  balance  is  attached  to  the  tape,  while  the  ring  at  the 
other  end  of  the  spring  balance  is  fastened  to  the  handle  of  the 
stretcher  by  a  wire  loop  which  may  be  moved  up  or  down  on  the 
handle,  thus  permitting  the  elevation  of  the  tape  to  be  adjusted 
quickly  to  any  ordinary  height  of  stake.  The  operator  has  a  staff 
which  he  thrusts  in  the  ground  some  distance  back  of  the  forward 
stake,  and  grasps  both  staff  and  handle,  thus  forming  an  A-  This 
enables  the  operator  to  give  a  steady  pull  on  the  tape.  The  rear  end 
of  the  tape  is  held  by  a  similar  stretcher  without  the  spring  balance. 
.  Six  men  are  required  for  accurate  work,  as  follows:  Two  observers, 
one  recorder,  two  men  to  run  the  stretchers,  and  one  to  read  the  ther- 
mometer at  the  50-ft.  mark  and  assist  in  carrying  the  tape  forward. 
The  operator  at  the  rear  end  is  directed  by  the  observer  at  that  end, 
while  the  recorder  stands  directly  over  the  spring  balance,  and  directs 
the  forward  operator.  When  the  100-ft.  mark  of  the  tape  is  even  with 
the  edge  of  the  rear  brad,  say  the  forward  edge,  the  rear  observer  calls 
44 read"  and  if  at  that  instant  the  spring  balance  gives  the  correct 
indication,  the  recorder  repeats  the  word  and  the  forward  observer 
reads,  on  an  ordinary  celluloid-edged  scale,  the  distance  from  the  zero 
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Mr.  Sabin.  end  of  the  tape  to  the  forward  edge  of  the  brad  in  the  forward  stake. 
This  reading  (usually  taken  in  five-hundredihs  of  a  foot)  is  repeated 
as  many  times  as  desired,  not  less  than  three,  and  recorded  with  the 
thermometer  reading.  The  tape  and  stretchers  are  then  carried  for- 
ward 100  ft.  and  the  operation  repeated. 

One  base  of  22  tape  lengths  was  measured  three  times  in  Jane  with 
one  tape  and  three  times  in  November  with  a  different  tape.  The 
actual  time  required  for  each  measurement  and  the  indicated  lengths 
of  the  base  are  shown  in  Table  No.  1. 

TABLE  No.  1. 


Measurement  number. 

Time  of  meas- 
urement, in 
minutes. 

Temperature 
in  degrees, 
Fahrenheit. 

Reduced  length. 

1 

76 
60 
46 
48 
S6 
40 

69 
68 
66 
46 
47 
48 

2181.827 

2..: :::.::::::::::::::::::::: 

2181.926 

8 

2181.892 

4 

2181.862 

5 

2181.848 

6 

2181.847 

Mean  2181.867 

r  =  0.024; 


r0  =  0.01  =  1  in  218  000. 


The  work  should  be  carried  on  rapidly,  for  the  accuracy  of  the 
measurement  depends  upon  the  fidelity  with  which  each  stake  in  suc- 
cession holds  the  end  mark  while  the  tape  is  carried  forward.  There 
is  no  place  or  need  for  "  leisurely  "  determinations. 

If  the  spring  balance  is  considered  too  unreliable,  then  it  would 
seem  that  a  small  wheel  furnished  with  ball  bearings  would  be  more 
easily  manipulated  than  the  bell-crank.  A  wire  connecting  the  tape 
with  the  weight  would  pass  over  a  groove  in  the  circumference  of  the 
wheel,  and  the  vertical  adjustment  of  the  wheel  would  be  provided  for 
by  an  adjustable  A-frame  having  several  pairs  of  grooves  to  receive 
the  axle. 

When  tapes  or  wires  are  used  in  the  measurement  of  primary  bases, 
where  extreme  accuracy  is  desired,  the  use  of  the  spring  balance  can- 
not be  recommended.  In  the  compound-wire  base  apparatus  of  the 
United  States  Lake  Survey  the  spring  balance  was  tried  and  discarded 
for  the  ball-bearing  wheel.  As  used  thus  far,  the  wires  of  the  appa- 
ratus are  so  long  (1  km.)  that  much  time  can  be  spared  for  preparing 
stable  end  marks,  and  for  setting  up  the  apparatus,  one  tape  length 
being  all  that  is  ever  measured  in  one  day.  The  tension  wheels  of  this 
apparatus  seem  to  leave  little  to  be  desired,  in  point  of  accuracy,  but 
as  the  wheel  supports  are  designed  for  use  with  either  six  or  twelve 
wires  side  by  side,  they  are  much  too  unwieldy  for  a  portable  appar- 
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atus.     All  the  accuracy  pertaining  to  the  use  of  the  wheel,  however,  Mr.  Sabin. 
could  be  realized  for  one  tape  by  the  simple  appliance  just  mentioned, 
and  the  advantage  of  having  the  tension  automatically  maintained 
without  the  use  of  thumb-nuts  or  levers  is  at  once  manifest. 

Osgab  Ekulndsen,  M.  Am.  Soc.  G.  E.  — The  subject  of  this  paper  is  Mr.  Erlandsen. 
of  interest  to  almost  every  member  of  the  profession,  because,  what- 
ever may  be  his  special  field  of  activity,  he  has  at  one  time  or  other 
had  experience  in  precise  surveying;  moreover,  the  field  covered  by 
the  paper  is  one  in  which  great  improvement  has  been  made  during 
the  past  few  years.  Perhaps  not  much  more  can  be  expected  in  the 
way  of  increased  precision,  but  there  is  room  for  further  improvement 
in  the  reduction  of  the  time  consumed. 

During  the  past  few  years  the  Department  of  Bridges  of  the  City  of 
New  York,  in  connection  with  the  surveys  for  the  various  bridges  over 
the  East  River,  has  developed  devices  intended  to  decrease  the  time  re- 
quired without  decreasing  the  degree  of  precision.  As  will  be  shown, 
these  devices  compare  very  favorably,  in  precision  of  results,  with  those 
described  in  the  paper.  While  in  simplicity  and  flexibility  or  adapt- 
ability to  conditions,  varying  all  the  way  from  those  found  in  the 
crowded  down-town  business  districts  to  those  found  in  the  practically 
unimproved  and  uninhabited  portions  of  Long  Island  City,  they  com- 
pare even  more  favorably. 

The  tape  used  is  a  steel  ribbon,  J  in.  wide,  tV  in-  thick  and  200  ft. 
long.  It  is  provided  with  a  spring  balance  at  one  end  and  also  with  a 
turnbuckle  at  each  end  for  the  regulation  of  the  tension.  The  tem- 
perature for  each  measurement  is  obtained  by  means  of  a  mercurial 
thermometer.  The  thermometer  and  spring  balance  were  both  tested 
at  Washington  and  found  to  be  correct.  The  tape  is  supported  at 
intervals  of  25  ft.,  under  a  tension  of  121  lbs.,  but  the  points  of  sup- 
port are  not  necessarily  level.  All  that  is  necessary  is  that  they  shall 
all  be  on  the  same  grade  for  any  one  tape  length,  but  it  is  not  necessary 
that  this  grade  shall  be  the  same  for  consecutive  tape  lengths.  More- 
over, the  points  of  support  are  only  temporary,  and  are  set  up  anew 
for  each  measurement.  Stakes,  therefore,  are  dispensed  with.  To 
meet  the  requirements  of  supports  that  can  be  readily  set  up  and 
adjusted  to  any  grade,  the  apparatus  shown  on  Plate  XVII  was  devised- 
The  intermediate  supports  are  wooden  rods,  1  in.  thick  by  2  ins.  wide, 
shod  with  steel  points.  They  are  usually  and  conveniently  aligned 
with  a  transit.  Each  rod  is  held  by  means  of  a  special  extension-leg 
tripod,  the  head  of  which  is  provided  with  two  pairs  of  opposing 
thumb-screws.  Along  the  center  line  of  each  rod  is  a  line  of  holes  J  in. 
apart.  Pegs  are  placed  in  these  holes  in  the  rods  on  the  grade  of  the 
end  supports,  the  position  of  each  being  determined  by  eye,  by  sight- 
ing over  the  end  supports.  The  holes  in  the  rods  being  }  in.  apart, 
each  point  of  support  is  within  {  in.  of  the  true  grade. 
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Mr.  Erlandeen.  To  each  end  of  the  tape  is  attached  apiece  of  light-weight  plumber's 
brass  chain,  which  passes  over  the  end  support  to  a  pin  driven  into  the 
ground,  as  shown  on  Plate  XVII.  The  end  supports  are  adjustable 
wooden  crotches.  Along  the  center  line  of  each  of  the  two  pieces 
forming  the  crotch  is  a  line  of  holes  which,  with  a  small  bolt,  provide 
for  the  adjustment  of  the  crotch  at  any  desired  height.  To  make  a 
rigid  frame  of  the  crotch,  the  lower  ends  are  hinged  to  a  connecting 
bar.  The  end  of  each  measurement  is  marked  on  an  adjustable  table 
specially  designed  for  the  purpose,  as  shown  on  Plate  XVII.  Its  top  is 
'  a  steel  plate,  6  ins.  square,  on  the  upper  side  of  which  is  pasted  a  sheet, 

of  paper,  on  which  the  end  of  the  measurement  is  marked  with  a  sharp 
pencil.  On  the  lower  side  of  the  plate  is  a  hollow  cylindrical  lug, 
which  fits  over  the  top  of  an  iron  bar.  A  thumb-screw  in  the  lug 
permits  of  clamping  the  table  on  the  bar  at  such  height  that  it  just 
touches  the  tape.  Where  possible,  the  bar  is  driven  into  the  ground. 
In  other  cases  the  bar  is  set  in  a  heavy  cast-iron  base  and  clamped. 
The  elevations  of  the  steel  tables  are  obtained  by  means  of  the  ordinary 
engineer's  level  and  rod. 

The  following  examples  will  illustrate  the  degree  of  precision 
attained.  The  base  of  the  triangulation  for  the  Black  well's  Island 
Bridge  was  measured  four  times  in  December,  1900.  The  results, 
reduced  for  grade  and  temperature,  were — 

1671.030  ft. 
1671.028  " 
1671.028  " 
1671.060  " 

^ 

The  last  was  discarded  because  high  winds  prevailed  while  it  was 
being  made.  The  variation  of  the  other  three  from  their  mean  is  less 
than  1  in  2  000  000. 

The  distance  between  two  monuments  in  Long  Island  City  on  the 
center  line  of  the  same  bridge  was  measured  in  January,  1901,  and 
remeasured  a  year  later.  The  results  were  3298.146  ft.  and  3298.148 
ft.,  which  differ  from  their  mean  less  than  1  in  3  000  000. 

The  speed  attained  in  these  measurements  is  almost  uniformly  400 
ft.  per  hour. 

Mr.  Andrews.  Horace  Andrews,  M.  Am.  Soc.  0.  E.  (by  letter). — It  is  to  be  hoped 
that  this  paper  may  lead  our  makers  of  surveying  instruments  to 
adopt  some  of  the  suggestions  of  the  author.  The  first  change  men- 
tioned is  an  evident  improvement.  The  arrangement  suggested  has 
been  long  used  on  vertical  circles  of  the  higher  grades  of  theodo- 
lites. The  addition  of  a  sensitive  level  to  the  vernier  of  the  plane- 
table  alidade  was  suggested  by  Professor  Jordan,  and  a  drawing  and 
description  of  the  device  are  given  by  him.  Professor  Jordan  also 
suggests  the  independent  leveling  of  the  alidade  at  right  angles  to  the 
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line  of  sight,  without  releveling  the  plane  of  the  table.*  He  also  Mr.  Andrews, 
refers  to  the  level  attached  to  the  vernier  as  being  an  advisable 
adjunct  for  the  t  achy  meter  theodolite,  f  Again,  in  referring  to  the 
measurement  of  vertical  angles  with  the  theodolite,  he  calls  attention 
to  the  need  of  a  level  attached  to  the  vernier  which  can  "  be  brought 
exactly  into  play  with  each  individual  sight,"  by  means  of  a  suitably 
attached  tangent  screw.  Professor  Jordan  also  used  an  arc  of  large 
radius,  with  divisions  on  celluloid,  for  reading  vertical  angles  to  the 
nearest  minute,  the  instrument  having  also  a  full  circle,  divided  on 
silver,  with  two  verniers,  for  more  precise  determinations. 

The  second  improvement,  the  increased  radius  of  the  arc  of  the  ver- 
tical circle,  would  seem  less  essential.  If  a  circle  of  small  radius  is 
well  divided,  and  sufficient  magnifying  power  is  used,  a  reading  to  a 
half -minute  should  be  easily  possible. 

However,  a  larger  radius  may  be  used,  even  as  large  as  that  shown 
in  the  dotted  circle  of  Fig.  4,  Plate  XXII,  J  by  attaching  an  arc  of 
suitable  length  to  the  eye-piece  and  object-glass  ends  of  the  telescope. 
This  is  done  with  certain  English  instruments,  and  the  arrangement 
has  the  decided  advantage  of  permitting  the  use  of  two  verniers. 
Where  only  one  vernier  on  the  horizontal  limb  exists,  eccentricity 
errors  can  be  rendered  of  no  account  by  adopting  suitable  methods 
of  observing,  but  with  only  one  vernier  to  the  vertical  arc  there  is  no 
method  of  procedure  in  measuring  vertical  angles  whereby  the  errors 
of  eccentricity  may  be  eliminated.  The  best  that  can  be  done  is  to 
determine  the  amount  of  the  error  due  to  eccentricity  and  allow  for  its 
effect  upon  the  vertical  angle  measurements.  This  determination  is  a 
tedious  process;  it  is  sometimes  attempted  with  sextants,  but  rarely, 
if  ever,  with  the  vertical  circles  of  transits. 

A  complete  circle  possesses  many  advantages.  It  could  be 
arranged  so  as  to  be  removed,  with  its  attached  level  and  verniers;  it 
could  then  be  carried  in  a  small  case,  and  would  be  safe  from  injury. 
Such  detachable  circles  are  sometimes  used  with  the  higher  grades  of 
theodolites.  With  the  complete  circle,  the  vernier  need  not  be 
double,  so  as  to  read  plus  and  minus  angles.  It  can  be  arranged 
to  read  "zenith  distances;"  that  is  to  say,  the  reading  when  hori- 
zontal would  be  90  degrees.  Instead  of  recording  the  angle,  —  1°, 
the  zenith  distance,  91°,  would  be  used,  while  89°  z.  d.  would  corre- 
spond to  -f  1°  of  vertical  angle.  A  constant  source  of  mistakes 
would  thus  be  avoided,  while  the  rapidity  of  reading  would  be 
increased. 

Professor  J.  E.  Hilgard's  reports  of  tests  of  theodolites  may  be  read 
with  profit  by  anyone  interested  in  examining  instrumental  errors.  In 
the  United  States  Coast  Survey  report  for  1856,  p.  315,  he  refers  to  the 

*  Vermessungskunde.  1877  edition,  Vol.  1,  p.  647. 

t  Same,  p.  606. 

t  Proceedings,  Am.  Soc.  C.  E.,  December,  1001,  p.  1127. 
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Mr.  Andrews,  examination  of  the  parallelism  of  the  vertical  axes  and  suggests  a 
method  of  examination  as  follows : 

"  After  leveling  the  instrument  as  nearly  as  may  be,  revolve  the  circle 
about  the  alhidade,  the  latter  being  held  in  its  position  by  the  hand, 
and  watch  the  indications  of  the  striding  level,  which  will  not  change 
if  the  two  axes  are  parallel." 

The  references  the  author  makes  to  "the  motion  to  which  a  transit 
is  subject,  even  under  ordinary  conditions, "  as  revealed  by  the  sensi- 
tive vernier  level,  would  probably  indicate  a  lack  of  parallelism  of 
the  vertical  axes.  Professor  Hilgard's  test  would  reveal  such  a  source 
of  error. 

The  author  refers  to  the  slide  rale  as  if  it  were  solely  used  for 
ascertaining  the  correction  depending  upon  the  sin.2  of  the  angle. 
The  50-cm.  slide  rule  of  Porro,  which  has  been  used  for  many  years, 
was  also  designed  for  computing  the  quantities  corresponding  to 
i  sin.  2a,  necessary  for  obtaining  differences  of  height.  By  arranging  the 
slide  rule  in  circular  form,  similar  to  the  "pocket  calculator"  of  W. 
F,  Stanley,  the  unit  of  length  could  be  as  large  as  necessary,  while  the 
diameter  of  the  circle  would  still  be  small  enough  to  render  the  instru- 
ment quite  portable. 

Perhaps  the  newly-described  Hammer- Fennel's  Tachy meter,  which 
does  away  with  all  computation,  giving  both  horizontal  distance  and 
difference  of  height,  by  means  of  a  diagram  reflected  into  the  tele- 
scope and  seen  at  the  same  time  with  the  stadia  rod;  may  prove 
successful,  and  supersede  both  vertical  circle  and  slide  rule.  The 
novelty  and  ingenuity  of  this  device  should  stimulate  our  instru- 
ment makers,  and  show  them  that  a  field  for  improvement  and  invention 
exists. 

The  writer  has  often  deplored  the  absence  of  a  circular  level  for 
the  preliminary  leveling  up  of  the  ordinary  leveling  instrument.  Such 
circular  levels  are  very  commonly  used  on  foreign  instruments,  and 
facilitate  very  materially  the  operation  of  setting  up.  Judging  from 
the  high  praise  given  to  the  device  known  as  the  "feste  Loth" — the 
immovable  plumb-bob — by  the  Germans,  it  would  seem  worthy  of 
introduction  by  some  of  our  dealers.  In  windy  weather  much  time  is 
lost  with  the  swinging  plumb-bob,  and  the  engineer  adopts  all  sorts  of 
expedients  to  prevent  the  loss  of  certainty  in  his  plumbing;  his  make- 
shifts, however,  do  not  always  prove  successful.  The  writer  has  never 
heard  of  any  device  proposed  by  our  instrument  makers  to  facilitate 
the  setting  up  of  a  transit,  and  to  supersede  the  usual,  hanging, 
swinging  plumb-bob. 

^The  shifting  head  used  on  our  transits,  has  been  a  very  commend- 
able improvement,  and  has  attracted  favorable  attention  in  other  coun- 
tries. The  writer  has  an  excellent  level  tripod  which  is  provided  with 
substantial  steel  points  with  projecting  lugs,  to  allow  the  points  to  be 
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firmly  shoved  into  the  ground  by  the  pressure  of  the  foot;  and  can  Mr.  Andrews, 
testify  to  the  value  of  the  device.     As  made  by  a  well-known  firm  in 
this  country,  the  points  and  lugs  are  too  small  and  unsubstantial  to 
give  good  service. 

Perhaps  too  much  is  sacrificed  to  convenience  and  portability  with 
our  instruments.  The  writer  has  sometimes  found  it  almost  impossible 
to  use  a  wye-level  in  very  windy  weather,  on  account  of  the  deficiency 
in  torsional  resistance  of  the  tripod.  It  is  easily  possible  to  make  tri- 
pods so  rigid  that  the  motion  from  wind  will  be  imperceptible,  but 
such  tripods  are  not  quite  so  comfortable  to  the  shoulders  of  the  one 
who  has  to  carry  the  instrument. 

Our  instrument  catalogues  are  notably  defective  in  their  omission 
of  the  value  of  the  length  of  the  level  divisions,  the  focal  length  and 
aperture  of  the  telescopes,  and  their  magnifying  power.     The  weights  ; 

of  instruments,  tripods  and  boxes  are  sometimes  given  in  foreign  cata-  | 

logues,  and  such  information  is  often  of  interest. 

Some  instrument  makers  attach  the  level  divisions  to  a  metal 
scale  which  is  suspended  over  the  tube.  It  is  claimed  that  with  ex- 
tremely sensitive  levels  the  etching  of  the  divisions  on  the  tube  will 
cause  a  gradual  change  in  its  radius  of  curvature.  To  prevent  this, 
it  has  been  suggested  that  the  divisions  should  be  etched  on  the  inner 
surface  of  a  glass  tube  which  would  surround  the  level  tube  and  be 
nearly  in  contact  with  it.  'With  either  the  metal  scale  or  an  etched 
scale  on  a  surrounding  tube  it  would  be  possible  to  provide  means  for 
effecting  a  slight  longitudinal  movement,  and  thus  facilitate  what  is 
now  a  somewhat  tedious  adjustment. 

In  speaking  of  leveling  the  theodolite,  Professor  Jordan  says: 

"  This  is  best  made  by  imagining  the  level  axis  changed  in  place. 
If,  for  example,  the  bubble-center  reads  50.4  div.,  and  after  reversal 
reads  47.6  div.,  then  if  it  is  made  to  read  49.0  div.  we  can  expect  it  to 
remain  correctly  in  level  at  this  reading.  This  new  normal  point,  49.0, 
and  a  few  points  equi-distant  therefrom  can  be  designated  on  an 
attached  scale." 

This  "attached  scale  "  already  exists,  as  above  remarked,  on  some 
of  our  instruments,  it  only  needs  facilities  for  a  slight  longitudinal 
adjustment  by  a  suitable  slow-motion  screw. 

George  Avmab  Tabeb,  Assoc.  M.  Am.  Soc.  C.  E. — It  may  be  inter-  Mr.  Taber. 
esting  to  know  how  accurately  work  can  be  done  in  measuring  distances 
with  an  ordinary  100-ft.  steel  tape,  as  this  problem  is  one  that  often 
has  to  be  met  by  almost  every  engineer. 

In  running  the  line  for  the  Central  Park  Tunnel,  on  Section  7  of 
the  Rapid  Transit  Railroad  of  New  York  City,  it  was  necessary  to 
obtain  as  accurately  as  possible  the  distance  across  the  northwest 
corner  of  Central  Park  from  104th  St.  and  Central  Park  West  to 
Lenox  Ave.  and  110th  St.,  a  distance  of  1  828  ft.     This  line  ran  up 
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Hr.Trter.  and  down  hill,  through  the  trees,  bushes  and  shrubbery  of  the  Park, 
varying  in  elevation  over  a  range  of  about  109  ft. 

The  measurement  was  made  with  an  Eddy  100-ft.  steel  tape,  stand- 
ardized for  a  pull  of  12  lbs.  when  suspended  at  full  length  in  the  air  at 
a  temperature  of  62°  Fahr.  On  account  of  the  steepness  of  the  slopes, 
it  was  necessary  to  measure  a  considerable  portion  of  the  line  in  short 
lengths,  and  the  question  arose  as  to  what  pull  to  give  to  the  tape  for 
distances  of  less  than  100  ft.  To  decide  this,  a  base  line  was  laid  off  50 
and  100  ft.  long,  on  a  level  sidewalk,  by  means  of  a  EO-ft.  Kenffel  and 
EHser,  spring-balance,  compensating  tape.  Then  the  Eddy  tape  was 
applied  to  this  base,  to  determine  the  ratio  of  pull  to  length  of  tape. 
This  ratio  was  found  to  be  practically  a  constant,  so  that  6  lbs.  pull 
was  necessary  for  a  distance  of  60  ft.,  3  lbs.  for  25  ft.,  etc.,  the  tape 
being  at  all  times  suspended  in  the  air. 

The  line  across  Central  Park  was  measured  twice  in  this  manner, 
once  in  October,  1900,  and  again,  by  a  different  party,  about  a  month 
later.  Each  portion  of  the  line  as  measured  waa  corrected  for  temper- 
ture  at  the  rate  of  0.007  ft.  per  100  ft.  of  length  for  each  10°  of  tem- 
perature above  or  below  62°  Fahr.  The  variation  between  the  two 
measurements  was  found  to  be  only  0.034  ft.,  or  less  than  0.002  ft. 
per  100  ft.  of  length.  The  only  outfit  used  in  this  work,  besides  the 
tape,  consisted  of  a  common  spring  balance,  a  thermometer,  two 
plumb-bobs  and  a  "Locke's  hand-level."  The  latter  was  used  to 
sight  along  the  tape  from  one  end  toward  the  other,  to  be  sure  that 
both  ends  were  held  at  the  same  elevation. 

This  method  of  measuring  was  found  to  be  so  accurate  and  rapid 
that  it  was  adopted,  and  has  since  been  used  for  all  work  on  Sections 
7  and  8. 
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Discussion.* 


By  Messrs.  Allen  Hazen,  William  H.  Burr,  Edward  P.  North,  Theo- 
dore Paschke,  A.  G.  Menogal,  H.  N.  Pharb,  Edwin  Dubyea,  Jr., 
and  C.  A.  Sundstrom. 


Allen  Hazen,  M.  Am.  Soc.  C.  E. — The  author  has  made  use  of  a  Mr.  Hazen. 
formula,  for  computing  the  flow  of  water  in  sands,  which  was  originated 
at  the  Lawrence  Experiment  Station  of  the  Massachusetts  State  Board 
of  Health.  This  formula  was  established  by  certain  experiments  made 
to  secure  the  necessary  information  for  use  in  constructing  filters,  and 
particularly  for  use  in  constructing  the  Lawrence  filter,  which  was  just 
being  undertaken. 

The  principal  object  of  the  Lawrence  Experiment  Station  was  to 
secure  scientific  information  regarding  the  process  of  filtration.  The 
applicability  of  this  information  depended  upon  the  discovery  of  a 
sure  method  of  comparison  by  means  of  which  the  materials  used  in 
the  experimental  filters  could  be  compared  with  the  materials  which  it 
was  proposed  to  use  in  other  niters,  and  which  were  so  numerous  that 
detailed  investigations  of  them  were  impossible. 

The  formula  as  devised  and  quoted  may  be  divided  into  several 
parts,  some  of  which  were  new,  and  some  of  which  had  long  been 
known.      The  discovery  that  the  velocity  of  water  in    any  given 

♦The  discussion  (of  the  paper  by  George  S.  Morison,  M.  Am.  Soc.  C.  E.,  printed  in 
Proceedings  for  January,  1902),  is  printed  in  Proceedings  in  order  that  the  views  ex- 
pressed may  be  brought  before  all  members  of  the  Society  for  further  discussion. 

Communications  on  this  subject  received  prior  to  April  26th,  1902,  will  be  printed 
subsequently. 
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Mr.  Hazen.  sand  varies  directly  as  the  head,  and  inversely  as  the  distance,  is 
attributed  to  Darcy.  It  was  carefully  checked'  at  Lawrence  and 
found  to  be  correct.  This  knowledge  was  useful,  but  it  was  impera- 
tively necessary,  in  addition,  to  know  the  coefficient  for  various  ma- 
terials.    It  was  not  enough  to  know  that  v  would  vary  with  -y.     It 

was  necessary  to  know  what  v  would  be  for  any  given  material  and 
slope. 

The  novelty  of  the  Lawrence  work  in  this  direction  consisted,  first, 
in  improvements  in  the  methods  of  mechanical  analysis  of  sands; 
second,  in  establishing  a  definition  of  the  effective  size  of  sand; 
and  third,  in  finding  the  relation  between  this  effective  size  and  the 
velocity. 

The  problem  was  a  somewhat  complicated  one.  The  ground  was 
entirely  new,  and  the  information  was  required  for  immediate  use. 
As  the  experiments  were  instituted  and  carried  out,  various  forms 
of  apparatus  were  used  successively;  but  the  final  and  most  suc- 
cessful results  were  obtained  from  galvanized-iron  cylinders  contain- 
ing the  material  under  examination,  supported  by  graded  gravel 
layers  at  the  bottom,  through  which  a -flow  of  water  was  maintained 
at  accurately  controlled  and  determined  rates.  The  losses  of  head 
in  determined  distances,  ranging  from  12  to  48  ins. ,  were  determined 
by  attaching  glass  tubes  to  pet-cocks  in  the  sides,  and  observing  the 
differences  between  the  water  levels  in  the  various  tubes.  These 
observations  were  always  confined  to  portions  of  the  sand  layer  well 
below  the  surface,  to  avoid  the  additional  head  required  to  force 
the  water  into  the  sand  at  the  surface,  for  this  additional  head  was 
often  greater  than  the  friction  in  a  considerable  depth  of  sand. 
The  appliances  were  such  that  the  apparatus  could  usually  be  kept 
in  continuous  use  for  weeks  or  months;  and  the  most  reliable  results, 
particularly  for  fine  sands,  were  obtained  after  considerable  lengths 
of  time. 

The  effective  size,  as  defined  at  Lawrence,  was  that  in  which  10% 
of  the  material  was  finer  and  90%  of  it  coarser  than  itself,  the  size  of 
each  grain  being  taken  as  the  diameter  of  a  sphere  of  equal  volume. 
Methods  of  analysis  were  developed  to  allow  this  determination  to  be 
made  with  considerable  accuracy.  The  procedure  of  taking  the  effec- 
tive size  as  stated  was  purely  empirical.  It  was  selected  because  it 
brought  the  materials  used  in  the  Lawrence  experiments  having  dif- 
ferent uniformity  coefficients  (that  is  to  say,  materials  in  which  the 
amount  of  mixing  of  coarse  and  fine  grains  were  very  different)  into 
their  proper  relations  with  each  other. 

In  the  nine  years  since  this  formula  was  originated,  some  additional 
data  have  been  secured.  Experiments  by  F.  P.  Stearns,  M.  Am.  Soc. 
C.  E. ,  have  furnished  some  of  the  best  of  these  results.    Altogether,  these 


Papers.]  DISCUSSION  ON  THE  BOHIO  DAM.  305 

data  have  been  less  numerous  than  could  have  been  desired,  but  they  Mr-  Hazeo. 
have  been  reasonably  consistent,  and  have  shown  the  correctness  of  the 
formula.     Of  course,  the  value  of  c  varies  somewhat  with  the  condi- 
tions.    On  an  average,  it  is  somewhat  less  than  was  at  first  supposed. 

The  flow  of  water  through  sands  has  been  investigated  upon  inde- 
pendent lines  by  Professor  F.  H.  King,*  of  the  University  of  Wiscon- 
sin, who  has  developed  formulas  which  give,  apparently,  for  a  given 
sand,  a  somewhat  lower  discharge  than  is  computed  by  the  Lawrence 
method.  Direct  comparison,  however,  is  difficult,  because  the  effective 
size,  as  defined  by  Professor  King,  is  an  entirely  different  quantity 
from  the  effective  size  as  defined  in  the  Lawrence  method. 

Professor  Philip  Forchheimer,  of  Graz,  Austria,  has  made  an  inter- 
esting compilation  of  the  experiments  on  the  flow  of  water  through 
sands, f  beginning  with  Darcy's  work  in  1856,  and  coming  down  to  the 
present  time.  He  has  computed  and  prepared  a  table  of  the  values  of 
c,  in  the  Lawrence  formula,  as  deduced  from  the  experiments  of  four 
European  observers,  all  ante-dating  the  Lawrence  work.  The  values 
which  he  thus  finds  range  from  310  to  1110,  averaging  442.  This 
comparison  is  somewhat  uncertain,  because  of  differences  in  the 
methods  of  computing  the  grain  size  used  in  the  various  cases.  Prob- 
ably the  effective  sizes  by  the  Lawrence  method  are  always  less  than 
the  grain  sizes  taken  by  the  other  investigators ;  and  if  this  is  so,  the 
factors  found  by  Forchheimer  from  their  results  should  be  increased 
by  the  square  of  the  ratio  between  the  grain  sizes  as  computed  by 
Forchheimer  and  the  effective  sizes  as  defined  by  the  Lawrence 
method.  This  might  double  the  value  of  c,  although  Forchheimer 
writes  that,  in  his  judgment,  the  ratios  of  grain  size  to  the  effective 
sizes,  on  an  average,  would  not  be  more  than  from  1.24  to  1.30,  corre- 
sponding to  an  addition  of  from  54  to  69%  to  the  values  of  c  as  com- 
puted by  him.  Taking  this  into  account,  the  general  agreement 
of  the  experiments  among  themselves  and  with  the  Lawrence  experi- 
ments is  quite  satisfactory;  and,  as  Forchheimer  states,  the  value  of  the 
comparison  is  greater  because  each  of  the  observers  was  ignorant  of 
the  others,  and  none  of  these  results  was  known  to  us  at  the  time  the 
Lawrence  experiments  were  made. 

As  to  the  application  of  the  formula  to  the  computation  of  the  prob. 
able  flow  of  water  through  bodies  of  sand  enormously  greater  than 
those  used  in  the  experiments,  the  speaker  is  unable  to  see  any 
rational  ground  for  objection  to  such  use.  In  experimenting  with 
pipes,  the  loss  of  head  in  100  or  1  000  ft.  of  pipe,  may  be  determined, 
and,  assuming  that  the  connections  are  made  on  the  sides  of  the  pipe 
sufficiently  far  away  from  the  points  of  entrance  and  exit,  no  one 
would  doubt  that  the  rates  thus  found  would  be  applicable  to  lengths 

*  U.  S.  Geological  Survey,  19th  Annual  Report,  1899. 

tin  a  recent  number  of  the  Zeitachrift  des  Vereinea  Deutscher  Ingenieure,  Vol. 

xxxxv. 
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Mr.  Hazen.  of  pipe  indefinitely  longer  than  those  used  in  the  experiment.  The 
speaker  believes  that  the  same  is  true  of  sand,  but  with  this  difference, 
that  the  motion  of  water  in  sand  is  many  times  slower,  the  interstices 
are  enormously  smaller,  and  all  the  actions  are  of  such  a  nature  as  to 
establish  themselves  normally  in  a  very  short  distance.  The  few  feet 
of  sand  on  which  experiments  have  been  made  may  therefore  be  quite 
as  adequate,  as  far  as  length  is  concerned,  as  the  lengths  of  pipe  which 
have  been  used  in  most  of  the  experiments  to  determine  the  flow  of 
water  in  them. 

The  conditions  of  the  sand  in  and  under  a  large  dam  would  prob- 
ably differ  somewhat  from  the  conditions  of  the  sand  in  the  filtration 
experiments.  The  experiments  made  by  Mr.  Stearns,  at  Clinton,  were 
more  nearly  comparable  to  the  conditions  in  a  dam,  for  the  materials 
were  usually  placed  in  layers  and  rammed.  Under  these  conditions, 
the  values  of  c  in  the  formula  averaged  about  600.  Generally  speak- 
ing, the  sand  in  a  filter  is  in  the  most  favorable  condition  for  the  passage 
of  water,  and  the  value  of  c  is  at  a  maximum.  The  conditions  in  and 
under  a  dam,  so  far  as  they  are  different,  all  tend  to  lower  the  value 
of  c,  and,  consequently,  to  reduce  the  amount  of  seepage. 

Mr.  Burr  William  H.  Burb,  M.  Am.  Soc.  C.  E.  (by  letter). — Taking  the 
North  Dike  of  the  Wachusett  Keservoir  of  the  Metropolitan  Water 
Supply  for  the  City  of  Boston  as  his  pattern,  in  some  of  its  principal 
features,  Mr.  Morison  develops  a  rather  striking  plan,  involving  some 
highly  interesting  but  novel  and  untried  features,  for  the  dam  near 
Bohio  on  the  Panama  Canal  Route.  The  physical  features  at  the  site 
of  the  proposed  Bohio  Dam  are  only  partially  set  forth  by  the  author, 
but  it  is  essential,  for  the  complete  appreciation  of  the  conditions 
under  which  this  structure  must  be  built,  to  exhibit  all  the  results  of 
the  borings  made  by  the  Isthmian  Canal  Commission  at  the  various 
tentative  sites,  of  which  there  are  six,  Fig.  2  showing  but  five.  The 
omission  of  Section  J£,  a  short  distance  up  stream  from  F,  is  not  of 
crucial  importance,  but  that  section  is  needed  to  complete  the  infor- 
mation obtained  by  the  Commission,  and  aids  one  in  understanding 
how  greatly  variable  are  the  subsurface  strata  at  and  near  the  vicinity 
of  the  dam  site. 

In  reality,  that  excessive  and  erratic  variation  in  the  strata  of  mate- 
rial disclosed  by  the  borings  is  one  of  the  most  striking  features  of  the 
whole  situation.  It  exhibits  clearly,  among  other  things,  the  danger 
of  drawing  any  conclusions  as  to  the  impermeability  of  the  upper 
strata  of  material,  which,  as  Mr.  Morison  indicates,  are  either  clay, 
or  sand,  or  a  mixture  of  the  two.  Further,  it  is  essential,  in 
dealing  with  this  general  question,  to  realize  fully  that  the  order 
of  the  strata  as  found  at  one  section  may  be  radically  different  in  one 
or  more  of  the  other  sections;  indeed,  that  is  generally  the  case. 
Further  than  that,  at  the  same  elevation  and  in  the  same  section,  prac- 
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tioally  clear  coarse  sand  may  be  disclosed  by  one  boring  and  bine  Mr.  Burr, 
clay  with  little  sand  by  another  boring  perhaps  not  more  than  800  ft. 
away.  Again,  yellow  clay  and  sand  may  be  f onnd  at  the  surface  of  one 
of  the  same  borings  and  at  128  ft.  below  the  surface  in  the  other. 
Indeed,  the  one  persistent  feature  of  the  disclosures  by  the  borings  is 
the  utter  lack  of  uniformity  of  conditions  on  which  any  conclusions 
common  to  different  sections  can  be  based.  The  masses  of  material 
seem  to  be  in  the  most  irregular  and  irregularly  limited  strata  or 
pockets.  The  sand  is  of  all  degrees  of  fineness  or  coarseness,  from  the 
finest  to  coarse  gravel,  and  apparently  from  clear  sand  or  gravel  to  all 
degrees  of  admixture  of  clay,  both  blue  and  yellow. 

There  are  a  few  bore-holes  in  which  the  standing  of  the  water 
appeared  to  indicate  impermeable  material.  In  fact,  the  pure 
clay  and  some  admixtures  of  sand  and  clay  may  safely  be  considered 
impervious,  but  the  limits  of  impermeable  areas  have  not  been  defined, 
and  cannot  be  predicted  from  the  information  gained  by  the  Commission 
in  its  borings.  The  excessive  variability  of  that  feature  is  a  part  of  the 
general  variability  to  which  reference  has  already  been  made  as  one  of 
the  prevailing  physical  features  of  the  situation.  The  sections  or  tenta- 
tive sites  along  which  borings  were  sunk  by  the  Commission  are  lettered 
A,  B,  C,  D,  Et  and  F,  A  being  the  farthest  up-stream  section  and  F 
the  farthest  down-stream  section.  A  stretch  of  about  1  300  ft.  along 
the  course  of  the  river  between  Sections  B  and  E  contains  but  two  or 
three  bore-holes,  and,  consequently,  the  information  as  to  it  is  meager, 
the  reason  for  so  few  borings  in  that  vicinity  being  the  unpromising 
character  of  the  locality  for  the  purposes  of  the  Commission.  In  Sec- 
tion A,  the  borings,  about  350  ft.  apart,  are  generally  in  clay,  there 
being  little  clear  sand  disclosed.  In  that  section,  apparently,  the 
river  water  is  not  in  direct  contact  with  the  pervious  substrata.  The 
borings  made  at  Section  B,  however,  show  the  water  of  the  river  com- 
ing in  contact  with  the  heavy  layers  of  sand  disclosed  by  them,  thus 
making  a  free  flow  from  the  river  to  the  pervious  substrata.  In  Sec- 
tion C  the  river  bed  is  also  of  sand,  and  there  is  every  reason  to 
believe,  from  the  results  of  the  borings  there,  that  the  water  may  find  its 
way  through  the  mixture  of  clay  and  sand  down  to  the  heavy  masses 
of  clear  sand  reaching  nearly  down  to  the  bottom  of  the  geological 
valley.  The  same  general  observation  may  also  reasonably  be  made  in 
connection  with  Section  D,  the  bed  of  the  river  being  in  a  layer  of 
clay  and  sand  with  clear  sand  underneath  it.  The  borings  made  at 
both  Sections  E  and  F  show  that  the  river  is  in  direct  contact  with 
the  heavy  mass  of  permeable  sand  extending  practically  to  the  lowest 
portion  of  the  materials  penetrated,  or  to  rock. 

In  these  observations,  material  which  has  been  called  sand  is  in 
some  cases  coarse  enough  to  be  classed  as  gravel.  It  will  thus  be  seen 
that  the  total  statement  of  the  information  actually  disclosed  by  the 
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Mr.  Burr,  borings  at  the  various  sites  demonstrates  conclusively  a  probability  so 
strong  as  to  amount  to  practical  certainty  that,  not  only  is  the  water  of 
the  river  now  in  free  connection  with  the  pervious  substrata  of  sand 
and  gravel,  but  that  the  water  of  the  lake,  with  its  90  ft.  additional 
head,  would  be  in  much  freer  connection. 

Again,  if  it  could  be  assumed  that  a  blanket  of  impervious  clay  or 
mixture  of  clay  and  sand  is  uppermost  over  pervious  material,  it  is  in 
the  highest  degree  probable  that  the  weight  of  90  ft.  of  water  above  it 
would  in  many  places  produce  settlement  cracks  through  which  water 
would  readily  find  its  way  to  the  pervious  strata  below.  These  physi- 
cal features  of  the  situation  induced  the  Commission  to  beJieve  that  in 
the  present  state  of  information  its  estimates  and  plans  should  be 
based  upon  a  structure  which  would  close  completely  the  geological 
valley,  and  thus  shut  off  absolutely  any  possibility  of  dangerous  or 
prejudicial  seepage.  In  this  connection  it  is  to  be  remembered  that  it 
is  not  danger  to  the  structure  alone  which  is  to  be  guarded  against, 
but  any  degree  of  seepage  which  might  prejudice  the  supply  of  water 
in  the  summit  level  of  the  canal  formed  by  the  lake. 

The  location  at  Section  F,  for  the  purposes  of  plans  and  estimates, 
was  adopted  by  the  Commission,  as  stated  by  Mr.  Morison,  for  the 
reason  that  the  maximum  depth  from  sea  level  to  rock  was  128  ft. , 
which  is  but  13  ft.  more  than  the  depth  reached  under  one  of  the  piers 
of  the  New  East  River  Bridge.  It  is  possible  that  the  deepest  caissons 
at  Bohio  might  be  carried  to  rock  by  the  pneumatic  process  under  the 
full  head  of  128  ft.  This  selection  would  perhaps  appear  more  suit- 
able if  Mr.  Morison  had  stated  that  the  deepest  rock  at  the  site 
selected  by  the  French  engineers  is  143  ft.  below  sea  level.  It  is  not 
impossible  that  that  site  might  not  eventually  be  adopted,  but  it  was 
deemed  best  not  to  select  a  site  for  the  purpose  of  plans  and  estimates 
against  which  the  objection  of  depths  far  beyond  those  already 
reached  under  compressed  air  might  be  brought.  Indeed,  the  writer 
is  not  sure  that  Section  B  might  not  prove  to  possess  controlling  ad- 
vantages, as  it  is  short,  and  the  maximum  depth  of  rock  is  less  than 
140  ft.  It  is  possible,  also,  that  the  open-dredging  method  might  be 
available  for  putting  in  place  the  deepest  caissons,  but  it  involves 
considerable  uncertainty  as  to  the  t.I?sing  of  the  lowest  part  of  the 
geological  valley,  where  the  material  might  be  most  pervious,  and,  as 
already  stated,  the  Commission  desired  to  eliminate  as  far  as  possible 
all  uncertainties,  even  at  some  additional  cost. 

Again,  another  material  advantage  offered  by  Section  F  arises  from 
the  fact  that  within  the  banks  of  the  actual  river  the  deepest  rock  is 
less  than  100  ft.  As  shown  by  the  elevation  in  Fig.  4,  the  remainder 
of  the  structure  in  the  deepest  part  of  the  excavation  could  be  built 
by  sinking  caissons  on  dry  land,  and  mostly  at  a  considerable  distance 
from  the  water  of  the  river.     That  portion  of  the  dam,  about  1  300 
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ft.  in  length,  is  situated  along  the  high  clay  plateau  on  the  left  or  Mr.  Burr, 
westerly  bank  of  the  river.  It  is  to  be  anticipated  that  water  stands 
in  the  substrata  at  practically  the  elevation  of  the  water  in  the  river, 
or  at  least  at  sea  level,  but  if  pits  are  excavated  in  that  plateau  down 
into  the  pervious  strata,  ample  experience  shows  that  the  water  in 
them  could  readily  be  pumped  down  to  a  considerable  amount,  which 
the  writer  believes  would  prove  to  be  not  less  than  30  or  40  ft.,  with 
reasonable  'pump  capacity.  Such  depressions  of  subsurface  water 
elevation,  by  the  operation  of  pumping,  have  frequently  been  effected 
in  engineering  works;  indeed,  the  ease  by  which  this  can  be  done  has 
proved  to  be  an  objectionable  feature  of  many  water  supplies  drawn 
from  subsurface  water-bearing  strata.  It  may  confidently  be  antici- 
pated, therefore,  that  by  these  simple  and  available  means  of  pump- 
ing down  the  head  of  water  around  the  caissons  sunk  throughout  the 
deepest  portion  of  Section  F,  the  head  of  water  producing  pressure 
in  the  air-chambers  of  the  pneumatic  caissons  may  be  reduced  below 
100  ft. ;  indeed,  the  writer  believes  it  would  prove  to  be  materially  less 
than  that. 

It  is  thus  seen  that  the  construction  of  the  dam  on  the  site  adopted 
by  the  Commission,  for  the  purposes  of  its  plans  and  estimates, 
involves  no  new  or  untried  processes  or  features  more  novel  than 
those  due  to  naturally  varying  local  conditions.  In  other  words, 
this  construction  is  quite  within  the  limits  of  engineering  work 
already  accomplished,  so  that  the  estimates  of  the  Commission  for 
this  dam  cannot  be  attacked  successfully.  It  is  not  certain  that 
it  would  be  necessary  to  carry  pneumatic  caissons  the  entire  dis- 
tance to  bed-rock  in  this  location.  If  a  depth  were  reached 
within  a  short  distance,  perhaps  10  or  20  ft.,  of  that  rock,  or  if 
small,  deep  places  should  be  encountered,  there  are  various  methods, 
including  that  of  sheeting  or  other  devices,  by  which  the  seepage  of 
water  could  be  positively  and  completely  shut  off  below  the  cutting 
edge. 

On  page  258  of  the  Commission's  Report  occurs  the  following  portion 
of  a  paragraph : 

"A  less  expensive  dam  at  Bohio  has  been  proposed,  but  through  a 
portion  of  its  length  it  would  be  underlaid  by  a  deposit  of  sand  and 
grcvel  pervious  to  water.  The  seepage  might  not  prove  dangerous,  but 
the  security  of  the  canal  is  directly  dependent  upon  this  dam.  and  the 
policy  of  the  Commission  has  been  to  select  the  more  perfect  structure, 
even  at  a  somewhat  greater  cost. " 

It  is  barely  possible  that  a  more  detailed  examination  of  the  vicinity 
of  the  dam  would  demonstrate  the  feasibility  of  the  type  set  forth  by 
Mr.  Morison,  although  the  writer  doubts  it,  but  if  a  structure  of  that 
character  had  been  adopted  by  the  Commission  its  plans  would  have 
been  open  to  serious  criticism  as  involving  elements  of  uncertainty  to 
a  degree  that  cannot  be  measured  or  predicted. 
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Mr.  Burr.  The  writer  has  not  been  able  to  confirm  the  low  estimate  which  Mr. 
Morison  plaoes  upon  his  proposed  earth  dam,  and  is  inclined  to  think 
its  cost  would  be  nearer  $4  000  000  than  $2  500  000.  Whether  that  be 
so  or  not,  however,  the  additional  estimated  cost  involved  in  the  Com- 
mission's plans  is  abundantly  justified  by  the  absolute  certainty  in  the 
character  of  the  results  obtained  by  it  in  connection  with  a  feature 
positively  essential  not  only  for  the  safety  of  operation  of  the  canal  but 
for  its  actual  existence. 

The  computations  of  seepage  made  by  Mr.  Morison  can  scarcely  be 
relied  upon  as  even  approximate,  for  the  reason  that  the  data  on  which 
the  formula  used  are  based  were  derived  from  experiments  on  masses 
of  sand  almost  infinitesimal  compared  with  those  under  consideration, 
and  also  upon  conditions  which  it  is  practically  certain  are  radically 
different  from  those  existing  at  Bohio.  That  formula  applies  only  to 
sands  having  effective  diameters  ranging  from  0.1  to  3  mm.,  and  with 
a  uniformity  coefficient  lower  than  5.  It  also  presupposes  that  the 
texture,  so  to  speak,  of  the  sand  is  uniform.  It  is  not  at  all  unlikely, 
in  such  material  as  that  which  exists  at  Bohio,  that  there  may  be  places 
so  free  and  open  as  practically  to  form  small  channels.  In  fact,  there 
is  no  basis  for  any  prediction  as  to  the  existence  of  conditions  which 
would  make  it  even  approximately  accurate  in  this  connection  to  use 
a  formula  derived  from  experiments  in  small  filters,  even  though  that 
formula  be  admirably  adapted  to  all  other  filter  conditions. 

The  type  of  dam  which  Mr.  Morison  has  developed  and  set  forth 
certainly  is  most  interesting,  but,  under  conditions  existing  at  Bohio, 
it  involves  novel  and  untried  features,  the  efficacy  of  which  can  be 
established  only  by  further  engineering  experiences,  as  well  as  assump- 
tions which  yet  remain  to  be  justified. 

Mr.  North.  Edwakd  P.  Nobth,  M.  Am.  Soc.  C.  E. — It  is,  doubtless,  a  matter  of 
pride  to  all  that,  after  twenty  years  of  varying  plans  proposed  by  the 
European  engineers  for  the  Panama  Canal  project,  the  last  resource  is 
in  close  conformity  to  the  plan  proposed  before  this  Society  in  1879  by 
Charles  D.  Ward,  M.  Am.  Soc.  C.  E.,  to  build  a  dam  at  Bohio  and  carry 
the  summit  level  at  approximately  the  same  height  as  proposed  by  the 
Isthmian  Canal  Commission.  But  it  is  doubtful  if  Mr.  Ward  would 
propose  a  dam  which  necessitated  work  in  caissons  under  an  air  pressure 
balancing  a  water  column  of  more  than  130  ft. 

There  seems  to  be  an  ambiguity  as  to  the  exact  depth,  as  in  one  part 
of  the  Commission's  report  a  minimum  depth  of  128  ft.  below  tide  is 
mentioned,  and  another  part  of  the  same  report  reads  that  the  coffer- 
dam is  to  be  8  ft.  above  tide.  As  the  dam  site  is  some  13  miles  inland, 
it  is  assumed,  subject  to  correction,  that  the  air  pressure  in  the  cais- 
sons will  be  that  due  to  136  ft.  of  water,  or,  virtually,  5  atmospheres. 

It  is  assumed,  and  all  will  readily  agree,  that  healthy  men  sustain 
small  inconvenience  when  working  4-hour  shifts  under  pressures  of 
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about  50  ft.,  but  at  75  ft.  deaths  are  to  be  expected,  and  at  100  to  110  Mr.  North, 
ft.  they  occur  with  unpleasant  frequency  even  among  picked  men; 
also,  that  in  the  Great  Lakes  110  ft.  is  about  the  limit  of  divers1  work. 
All  these  experiences  have  been  had  when  the  temperature  of  the  water 
has  been  between  40  and  50°  Fahr.  Whereas,  at  the  Bohio  Dam  site 
the  temperature  of  the  water  is  about  90°,  as  the  mean  annual  tempera- 
ture— which  governs,  approximately,  the  temperature  of  deep-seated 
springs — is  about  90°,  and  further,  this  is  the  temperature  assumed  by 
Mr.  Allen  Hazen  in  his  percolation  formula  for  that  locality.  This  high 
temperature  in  the  caissons  must  add  materially  to  the  distress  of  those 
working  in  them.  When,  to  these  difficulties  is  added  the  fact  that,  as 
far  back  as  the  seventeenth  century,  maps  have  designated  the  Carib- 
bean front  of  the  Panama  Route  as  "The  Place  of  Bones,"  an  evil 
reputation  that  has  ever  since  been  maintained,  the  necessity,  as  implied 
in  this  paper,  for  designing  the  least  expensive  safe  structure  adapted 
to  the  particular  case  in  hand,  is  apparent.  Unless  the  head  of 
water  in  the  Chagres  Biver  can  be  pumped  down  to  reduce  the  pressure 
in  the  caissons  so  that  life  will  not  be  in  great  jeopardy,  a  procedure 
that  is  probably  practicable  during  low-water  flow  of  the  river,  the 
saying  of  40  years  ago,  "that each  tie  on  the  Panama  Railroad  cost  a 
human  life,"  will  be  repeated,  as  to  the  depths  in  feet  to  which  the 
caissons  are  sunk. 

Unfortunately  for  the  advancement  of  engineering  knowledge,  a 
courteous  regard  for  the  expressed  wishes  of  the  author  prevents  any 
consideration  here  of  the  reasons  for  selecting  a  route  requiring  air- 
locked  foundations  more  than  130  ft.  deep,  when  about  80  ft.  would 
suffice  at  Conchuda;  or  why  a  rock  and  earth  dam  at  Bohio  should  be 
more  safe  and  available  than  at  or  below  Ochoa  and  for  the  San  Fran- 
cisco basin;  having  in  view  the  much  larger  flow  of  the  San  Juan, 
which  reduces  danger  from  seepage  to  a  minimum. 

As  there  seems  to  be  no  tenable  doubt  as  to  the  stability  of  the  pro- 
posed dam,  there  remains  only  for  consideration  the  plan  and  its 
ability  to  retain  sufficient  water  for  navigation  during  the  annual  dry 
season,  or  through  two  or  more  recurrent  dry  years.  On  account  of  the 
limited  water-shed,  875  sq.  miles,  difficulty  may  be  apprehended  in 
case  there  should  be  two  successive  dry  years,  even  with  the  traffic 
estimated  for,  and  if  the  canal  is  made  large  enough  to  conveniently 
pass  the  traffic  between  the  east  and  west  coasts  of  this  country,  which 
experience  with  the  canals  at  the  "  Soo  "  shows  may  be  expected,  it  is 
of  vital  importance  that  the  seepage  or  any  other  waste  should  be  re- 
duced to  the  minimum. 

The  speaker  suggests  that  the  dam,  as  shown  in  Fig.  6,*  if  turned 
around,  would  more  effectively  retain  water  and  would  cost  less. 

The  value  of  an  enrockment  at  the  base  of  an  earth  slope,  as  shown 

*  Proceedings,  Am.  Soc.  C.  E.  for  January,  1902. 
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Mr.  North,  by  Mr.  Stearns,  and  as  used  in  wet  railroad  cuts,  lies  in  its  preventing 
the  degradation  of  the  toe,  which  commences  by  small  slides.  Dams 
Nos.  3  and  4,  Fig.  -6,  are  requisite  to  save  an  indefinite  extension  of 
the  earth  slope,  the  great  length  of  which  is  obviously  not  required 
for  stability.  Nor  are  Dams  Nos.  1  and  2  of  much  economic  use  in 
preventing  erosion  by  the  feeble  waves  possible  in  Lake  Bohio,  if  an 
embankment  of  like  mass  is  to  be  used. 

If  Bock  Dams  Nos.  1  and  2  were  retained  at  or  near  their  present  pro- 
posed locations  and  the  2  000  ft.  of  earth  embankment  were  extended 
out  into  the  lake  it  would  effectually  seal  a  large  area  on  the  bottom 
against  the  access  of  water  to  such  portions  of  the  pervious  strata 
mentioned  as  do  not  underlie  any  extension  of  the  heavy  and  tight 
blanket  of  finer  alluvial  deposit  found  at  the  dam  site.  Both  the  rock 
and  earth  portions  of  the  dam  would  be  preferably  deposited  in  run- 
ning water,  obviating  the  cost  of  a  temporary  dam,  ensuring  the 
thorough  filling  of  the  rock  dam  and  the  puddling  of  the  earth. 

Any  floods  that  might  occur  during  the  construction  of  the  dam 
would  save  a  great  part  of  the  excavation  necessary  for  the  proposed 
puddle  dam.  The  depth  to  which  the  water  passing  over  the  dam 
would  cut  out  the  material  below  it,  depends,  of  course,  on  the  vol- 
ume and  velocity  of  the  water  striking  the  alluvial  deposit,  modified 
by  the  angle  of  its  incidence.  While  there  is  small  question  that  with 
a  vertical  fall  the  material  would  be  cut  out  to  the  rock  by  an  ordinary 
flood,  the  result  would  be  different  and  less  with  the  water  running 
over  the  flat  slope  assumed  by  a  loose-rock  dam,  particularly  if  mate- 
rial from  the  lock  excavation  was  used  instead  of  rock  blasted  for  the 
purpose. 

To  whatever  depth  the  cutting  extended,  the  toe  of  the  rock  dam 
would  be  strengthened  by  its  greater  depth,  and,  on  the  completion  of 
the  dam,  an  easy  and  comparatively  inexpensive  problem  in  clam-shell 
dredging  would  be  presented,  by  which  an  open  ditch  could  be  exca- 
vated to  the  rock  and  filled  with  clay  to  shut  off  all  percolation  after 
the  stability  of  the  slopes  of  the  Cubebra  Cut  was  established,  and  if 
it  was  ascertained  that  water  percolated  under  the  embankment. 

Mr.  Paschke.  Theodore  Paschke,  M.  Am.  Soc.  C.  E. — This  paper  is  very  inter- 
esting, and  the  plan  proposed  by  the  author  for  the  construction  of 
the  Bohio  Dam,  while  not  entirely  original  with  him,  is  in  the  line  of 
the  highest  degree  of  rational  engineering.  The  author  intimates 
that  the  question  of  seepage  may  be  the  only  vulnerable  point  in  his 
plan,  and  invites  discussion  on  this  particular  point. 

The  Isthmian  Commission's  plan  seems  to  indicate  the  same  trend 
of  thought,  inasmuch  as  that  plan  involves  carrying  a  core-wall  to 
rock  foundation  at  an  unprecedented  depth  below  water. 

The  writer  has  had  some  experience  in  the  tropics,  especially  in 
Central  America,  in  the  construction  of  water- works  and  river  im- 
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provements,  and,  based  upon  this  experience,  he  feels  called  upon  to  Mr.  Pascbke. 
allay  any  apprehension  or  fear  there  might  be  on  the  question  of  seep- 
age as  regards  this  proposed  construction  of  the  Bohio  Dam;  and, 
however  creditable  the  preceding  discussions  on  seepage  are  to  the 
gentlemen  who  so  elaborately  dwelt  upon  the  subject,  it  strikes  him 
that  those  learned  discussions  on  seepage  are  really  unnecessary,  and 
not  applicable  to  this,  dam  at  all,  for  the  simple  reason  that,  in  the 
-writer's  opinion,  all  that  part  of  Bohio  Lake  in  front  of  the  dam  will 
be  silted  up  and  made  water-tight,  for  all  practical  purposes,  in 
the  course  of  a  few  seasons'  work  by  Nature  herself. 

The  strata  overlying  the  hills  and  mountains  through  Central 
America  have  as  their  base,  almost  exclusively,  volcanic  ashes  of 
various  compositions,  according  to  the  period  in  which  they  were 
emitted.  Some  have  been  hardened  to  a  soft  rock  like  sandstone, 
others  have  the  appearance  of  fine  loam,  and  others  axe  not  unlike 
burnt  clay.  All  are  easily  eroded  by  water,  and  are  carried  down  by 
every  flood  in  all  the  mountain  streams  in  large  quantities.  They  are 
ground  up  and  mixed  thoroughly  with  vegetable  matter,  forming  a 
black  clay -like  silt;  a  very  good  water-proofing  indeed.  The  Gigante 
Spillway  will  divert  the  line  of  flow  of  the  Chagres  waters  from  the 
site  of  the  dam,  and  will  have  the  effect  of  forming  a  large  eddy  in  the 
flow  in  front  of  the  dam,  which  will  hasten  the  process  of  silting  up. 

Indeed,  the  writer  is  of  the  opinion  that  it  is  only  a  question  of 
time  when  the  whole  artificial  lake,  which  the  proposed  dam  will  form, 
will  be  filled  with  this  silt,  except  the  channel  necessary  for  the 
Chagres  waters  to  flow  either  to  the  spillway,  during  floods,  or  to  the 
locks  of  the  canal,  and  that,  if  no  provision  is  made  for  such  exigency, 
the  ulterior  object  of  creating  this  artificial  lake  will  be  defeated. 

While  the  writer  most  readily  and  heartily  affirms  all  the  advan- 
tages claimed  by  the  author  for  his  proposed  plan  of  the  Bohio  Dam, 
he  cannot  help  but  deplore  the  fact  that  it  is  designed  in  the  interest 
of  only  a  lock  canal  across  the  Isthmus  at  that  point. 

.Engineering  ingenuity,  of  an  order  which  can  devise  a  plan  to  dam 
the  Chagres  at  Bohio,  at  once  so  simple  and  grand,  and  so  enduring, 
should  find  no  difficulty  in  devising  means  to  dam  the  same  river  a 
little  higher  up  in  its  course  and  to  completely  control  the  flow  of  its 
waters  at  will,  removing  the  only  great  obstacle  in  the  way  of  a  sea- 
level  canal  at  this  point. 

A.  G.  Menocaii,  M.  Am.  Soc.  C.  E.  (by  letter). — Mr.  Morison  Mr.  Menocal 
deserves  the  thanks  of  the  engineering  profession,  and  also  of  all 
those  interested  in  reaching  a  satisfactory  solution  of  the  Isthmian 
Canal  question,  for  his  timely  and  valuable  paper  on  the  proposed 
dam  at  Bohio,  on  the  route  of  the  Panama  Canal.  The  dam,  together 
with  the  lake  created  by  it,  and  the  Alhajuela  Beservoir,  as  sources  of 
water  supply,  are  of  vital  importance  to  the  success  of  the  plans 
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Mr.  Menocal.  recommended  by  the  Isthmian  Canal  Commission,  and  the  three  are  so 
intimately  connected  with  each  other  that  the  failure  of  either  of  them 
to  accomplish  the  essential  requirements  would  throw  serious  doubts 
into  the  practicability  of  the  project.  They  should,  therefore,  receive 
the  most  attentive  consideration,  and  all  doubtful  elements  should  be 
removed,  before  a  route  for  building  the  canal  is  finally  selected. 

The  difficulties  involved  in  the  execution  of  (he  Commission's  plans, 
as  shown  by  physical  conditions  developed  by  a  partial  examination  of 
the  site,  Are  pointed  out  clearly  in  the  paper;  but  those  difficulties  are 
likely  to  be  enhanced  greatly  by  a  more  detailed  survey,  or  during  the 
process  of  construction.  Holes  deeper  than  J  28  ft.  below  sea  level 
may  be  found,  or  faults  or  joints  discovered  in  the  rock,  where  the 
caissons  may  have  to  be  carried  down  to  greater  depth  than  136  ft. 
below  low  water,  before  a  tight  joint  can  be  secured.  The  writer  is 
not  aware  that  the  pneumatic  process  has  ever  been  carried  to  such  a 
depth,  and,  considering  the  attending  labor  and  climatic  conditions, 
is  of  the  opinion  that  it  cannot  be  done  successfully  at  Panama.  The 
scheme  seems  to  be  in  the  nature  of  a  hazardous  experiment,  contain- 
ing in  itself  several  elements  of  failure. 

The  alternate  plan,  combining  rock-fill  dams  and  earth  filling, 
proposed  by  Mr.  Morison,  has  the  advantage  of  simplicity  in  the  design, 
and  economy  of  time  and  money  in  execution,  but,  in  the  opinion  of 
the  writer,  would  not  meet  the  requirements  of  the  problem.  Such  a 
dam  may  eafely  stand  the  normal  pressure  of  90  ft.,  and,  with  a  per- 
manent superabundant  supply  of  water,  would  probably  maintain  the 
proposed  level  in  the  lake,  but  it  would  not  prevent  a  much  greater 
leakage  than  can  be  spared  from  the  water  supply  available  at  Panama, 
even  when  this  supply  is  enlarged  by  the  proposed  reservoir  in  the 
upper  valley  of  the  Chagres  River.  The  borings  made  in  the  vicinity 
of  the  dam  site,  according  to  the  Commission's  report,  show: 

"  A  variety  of  material;  hard  clay,  soft  clay,  sand,  and  some  mix- 
tures of  sand,  clay  and  gravel  in  varying  proportions.  These  materials 
are  found  in  beds  of  varying  shapes  and  thickness,  not  distributed 
with  uniformity  and  not  arranged  according  to  any  general  law  from 
which  can  be  deduced  the  characters  of  the  soil  at  points  other  than 
those  actually  examined.  In  every  section  constructed  from  the  bor- 
ings, strata  of  greater  or  less  dimensions  are  found,  which  are  permeable 
by  water." 

It  is  quite  evident  that  ground  composed  of  material  as  above 
described  cannot  be  regarded  as  impervious  under  high  pressure,  and 
the  difficulties  of  driving  through  it  two  long  rows  of  sheet-piles  to 
the  depth  of  60  ft.  so  as  to  secure  uniformly  tight  joints,  must  be 
admitted.  Many  of  the  piles  are  likely  to  break  or  split,  while  others 
will  be  deflected  laterally,  making  large,  open  joints  underground, 
without  marked  indications  at  the  tops.  Considerable  leakage  must 
be  expected,  therefore,  not  only  through  the  pervious  material  repre- 
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sented  in  the  sections  accompanying  the  paper,  but  also  through  the  Mr.  tfenocal. 
whole  submerged  area,  through  the  joints,  and  underneath  the  sheet- 
piling.     Much  of  this  leakage  will  come  to  the  original  surface  and 
flow  freely  along  the  imperfect  joints  made  by  the  ground  and  the 
material  loosely  deposited  between  the  rock-fill  dams. 

There  seem  to  be  no  formulas  by  which  this  leakage  can  be 
computed.  That  deduced  by  experiments  by  Mr.  Allen  Hazen,  on 
filter  beds  with  small  heads  and  selected  material,  is  not  applicable  to 
the  conditions  of  this  problem,  as  a  small  change  in  temperature  or  in 
the  diameter  of  the  sand  grains  would  give  widely  divergent  results, 
tending  to  check  faith  in  the  conclusions 

The  amount  of  leakage  permissible  through  the  dam  is  directly 
proportional  to  the  available  water  supply,  and  it  seems  proper,  in 
this  connection,  to  look  into  the  capacity  and  permanency  of  the 
storage  reservoir  provided  in  the  plan  for  operating  the  canal  during 
the  dry  season.  The  Chagres  River  is  the  only  source  of  supply,  and 
Lake  Bohio,  with  an  area  of  38  sq.  miles,  the  main  storage  reservoir. 
Another  reservoir  is  proposed  to  be  created  in  the  upper  valley  of  the 
river  by  building  a  dam  at  Alhajuela,  about  10  miles  above  Obispo. 

The  Chagres  has  a  well-established  reputation  as  a  violent  torren- 
tial stream.  Its  flow  has  been  known  to  vary  from  a  minimum  of  350 
to  a  maximum  of  136  000  cu.  ft.  per  second.  It  has  been  known  to 
rise  35  ft.  at  Obispo,  where  the  canal  falls  into  the  bed  of  the  river, 
and  to  rise  39.3  ft.  at  Bohio.  The  excessive  rainfall  and  the  precipi- 
tous slopes  of  the  water-shed,  rising  in  places  to  thousands  of  feet, 
give  to  the  river  its  torrential  character.  The  records  of  the  last 
twenty  years  show  that  these  extreme  high  floods  take  place  every  two 
or  three  years,  but  similar  floods  of  somewhat  less  violence  are  not 
uncommon,  and  are  likely  to  occur  several  times  during  the  same 
rainy  season.  It  is  stated  in  the  Commission's  report  that,  above 
Obispo  the  Chagres  "is in  general  a  clear  stream  flowing  over  a  bed 
of  gravel;  but  sand,  clay  and  silt  in  moderate  quantities  appear  in  the 
lower  portion  of  its  course.' '  This  statement  must  have  reference  to 
conditions  during  the  dry  season,  as  it  is  above  Obispo  where  the 
mountainous  water-shed  and  an  annual  rainfall  of  about  130  ins.  give 
the  river  its  torrential  features,  and  where  the  largest  erosion  takes 
place,  as  shown  by  the  gravel  beds  referred  to,  and  cliffs  from  50  to 
200  ft.  high  on  either  side  of  the  river,  alternately  as  the  current 
has  washed  first  one  and  then  the  other  in  its  tortuous  course.  Any 
one  who  has  seen  the  river  in  floods  knows  that  its  waters  are 
surcharged  with  sediment.  Lieut.  J.  T.  Sullivan,  U.  S.  Navy,  in  his 
report  to  the  Navy  Department,  in  1883,  says: 

"The  flood  waters  of  the  Chagres  are  not  only  heavily  charged 
with  detritus,  but  with  an  immense  debris  as  well.  Houses,  trees, 
masses  of  vegetation,  rocks  and  stones  are  borne  in  its  floods,  and  in  a 
freshet  which  occurred  in  the  winter  of  1879-80,  an  iron  tank  17  ft. 
above  the  level  of  the  railroad  track  was  carried  away. " 
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Mr.  Menocal.  Referring  to  the  rapid  silting  up  of  the  sea-level  section  of  the  canal 
excavated  by  the  French  Company,  Alfred  Noble,  M.  Am.  Soc.  C.  E., 
member  of  the  Isthmian  Canal  Commission,  stated  before  the  Com- 
mittee on  Interoceanic  Canal  of  the  Senate  that  "the  only  practical 
solution  would  be  to  keep  the  river  waters  out  (of  the  canal).  Dredg- 
ing would  certainly  be  too  expensive. " 

In  the  presence  of  these  well-known  conditions,  it  seems  that  the 
necessary  result  of  receiving  the  river  in  the  proposed  Bohio  Lake 
will  be  the  rapid  silting  up  of  the  lake  and  the  consequent  decrease  of 
the  water  supply;  that  an  attempt  to  create  a  reservoir  in  the  upper 
valley  of  the  river  will,  also,  for  the  same  reasons,  fail  to  accomplish 
its  purpose,  and  that  the  water  supply  cannot  be  relied  upon  as  suffi- 
cient for  the  purposes  intended,  or  permanent. 

Mr.Pharr.  h.  N.  Phabb,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).— "  The  third 
plan,"  proposed  by  the  author,  has  been  of  special  interest  to  the 
writer.  In  the  construction  and  maintenance  of  levees  on  the  Missis- 
sippi River,  along  the  front  of  the  Lower  St.  Francis  Levee  District, 
in  Arkansas  and  Missouri,  about  200  miles  in  length,  embankments 
solely  of  earth  have  been  built  to  withstand  greatly  varying  heads  of 
water,  under  various  and  particular  conditions  and  considerations, 
which  have  necessitated  different  heights,  dimensions  and  methods  of 
construction. 

The  writer's  observation  and  study  of  the  action  of  earth  dams 
under  various  conditions  and  circumstances  and  of  greatly  differing 
character  have  extended  through  many  years;  and  the  character  of  the 
work  at  Bohio,  and  the  conditions  which  will  govern  the  building  of 
an  earth  dam  of  such  dimensions  as  described  by  the  author  are  thought 
to  be  appreciated. 

Although  nothing  within  the  writer's  work  or  observation  is  reas- 
onably comparable  with  the  work  and  conditions  described  in  the 
paper,  there  are  some  features  in  particular  cases  which  may  be  con- 
sidered. 

The  levees  as  generally  constructed  have  an  8  to  10-ft.  crown,  with 
slopes  of  1  on  3,  to  1  on  4,  sometimes  with  broken  slopes,  or  with 
banquettes  of  varying  height  and  dimensions.  A  levee  of  20  to  25  ft. 
in  height,  to  withstand  a  flood  or  water  height  of  2  ft.  below  the 
crown,  is  very  usual.  However,  a  particular  location  or  levee  (Chute 
of  38)  is  presented  in  Fig.  9,  which  may  not  be  considered  usual, 
though  practically  the  same  conditions  and  features  have  been  met 
with  several  times  along  the  levee  line.  A  general  map  of  the  Missis- 
sippi River  in  the  vicinity  of  the  Chute  of  Island  Number  38  is  shown 
in  Fig.  9.  The  main  or  navigable  channel  of  the  river  has  in  the  not 
very  distant  past  occupied  several  beds  in  this  vicinity,  as  shown  by 
the  islands  and  "  old  rivers  "  now  deserted  by  the  river  and  becom- 
ing silted  up  and  grown  up  in  cotton  wood,  willows,  etc.     The  bend 
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west  of  Centennial  Island,  known  as  Devil's  Elbow,  was  cnt  off  and  Mr*  Fharr. 
abandoned  in  May,  1876. 

The  map  does  not  show  the  exact  shore  and  channel  lines  as  at 
present  existing,  owing  to  caving  which  has  recently  taken  place  along 
the  east  side  of  Centennial  Island  and  the  west  side  of  Fogleman 
Chute.  The  caving  at  the  latter  is  one  of  the  considerations  which 
determined  the  location  of  the  levee  across  Poker  Point  and  back  from 
the  river  bank  as  shown.  The  levee  above  and  around  Old  River  was 
located  safely  close  to  the  bank  which  was  sloping  and  free  from 
caving  at  that  point,  the  old  river  being  now  in  process  of  filling  up. 

Island  Number  38  is  shown  on  the  map  as  now  a  part  of  the  main- 
land, though  long  ago  the  main  channel  of  the  Mississippi  was  on  the 
west  side  of  it.  The  Chute  thus  abandoned  on  the  west  side  of  Island 
Number  38  is  known  as  the  Chute  of  Island  Number  38,  and,  locally, 
as  Little  Old  River,  but  it  has  been  silted  or  filled  up  practically  by 
the  sediment  and  overflow  of  the  river.  It  is  scarcely  observable  at 
its  upper  end.  The  lower  end  has  been  very  greatly  contracted,  but 
was  kept  open  to  a  certain  extent  by  Frenchman's  Bayou,  which  affords 
the  only  natural  drainage  for  a  considerable  territory.  It  was  the 
leveeing  of  this  chute,  to  prevent  the  ingress  of  the  floods  of  the  Mis- 
sissippi River  and  the  diversion  of  the  drainage  formerly  afforded  by 
Frenchman's  Bayou,  which  had  to  be  secured. 

The  character  of  the  material,  of  course,  is  all  permeable,  being 
alluvial  deposit,  a  sandy  loam;  and  the  foundation  or  base  of  the  levee 
immediately  across  the  chute  was  of  a  soft  muck.  An  iron  rod  or  pole 
could  be  pushed  down,  merely  by  hand,  into  the  bottom  or  sides  of  the 
chute  for  the  length  of  the  rod.  Water,  to  the  depth  of  a  few  feet,  was 
always  running  through  the  chute  into  the  river  when  low  or  during 
dry  seasons,  but  when  the  river  was  rising  the  current  ran  back  through 
the  chute,  to  again  reverse  and  flow  into  the  river  as  it  fell.  Low  water 
in  the  chute  was  about  8  or  10  ft.  above  low  water  in  the  Mississippi 
River  and  in  Old  River. 

On  Fig.  9  there  is  also  a  profile,  on  the  center  line  of  the  levet* 
across  the  chute,  with  an  exaggerated  vertical  scale,  showing  also  the 
grade  line,  which  was  raised  2  ft.  across  the  chute  to  allow  for  any  s 

additional  settling  which  might  occur,  after  the  levee  was  once  brought 
up  to  grade,  beyond  that  taking  place  during  construction  and  beyond 
the  usual  allowance  of  10%  for  shrinkage,  and  also  to  prevent  over- 
topping at  this  immediate  point.  Overtopping  was  likely  to  occur  to  the 
general  levee  in  this  vicinity,  as  the  available  funds  for  construction 
limited  the  height  which  could  be  adopted  for  the  stretch  of  levee, 
some  17  miles  in  length,  built  at  that  time. 

A  cross-section  and  a  plan  of  the  levee,  as  constructed  across  the 
chute,  the  latter  being  drawn  to  the  same  scale  as  the  profile,  are  shown 
in  Fig.  9. 
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Mr.Fharr.  On  this  figure  there  is  also  a  cross-section  of  the  levee,  drawn 
to  true  scale,  with  details  of  height,  distances,  slopes,  etc.  The 
net  height  is  35  ft. ;  crown,  8  ft. ;  side  slopes,  1  on  4,  on  both  river 
and  land  side;  with  an  off-set  or  banquette  on  the  land  side,  20  ft.  in 
width  and  with  a  slope  of  1  on  20.  The  elevation  of  the  banquette  is 
about  the  same  as  the  bank  on  each  side  of  the  chute,  or  the  natural 
surface  of  the  adjacent  ground,  which  is  practically  a  level  plane. 
No  core  or  puddle  wall  or  sheet-piling  was  used  or  constructed,  the 
principal  object  being  to  obtain  an  embankment  of  as  great  homo- 
geneity as  possible,  because  the  foundation  and  ground  were  perme- 
able. Three  excavations  or  muck  ditches,  however,  were  dug  across 
the  chute,  one  just  on  the  river  side  of  the  center  line  of  the  levee  and 
one  each  near  the  middle  of  the  front  and  rear  slopes,  as  far  as  the 
material  excavated  would  allow.  These  ditches  were  merely  for  pur- 
poses of  exploration.  The  whole  ground  having  been  built  up  by  the 
sediment  and  sand  of  the  river,  it  was  to  be  expected  that  many  logs 
and  other  perishable  matter  would  be  found  throughout,  but  only 
such  as  could  be  discovered  near  the  surface  by  such  means  was 
undertaken  to  be  removed.  The  ditches  were  about  8  ft.  wide  and 
6  to  8  ft.  deep  where  the  material  would  allow.  Other  excavations 
were  made  in  the  base  in  removing  perishable  material. 

The  levee  was  constructed  according  to  the  general  levee  specifica- 
cations,  as  far  as  applicable.     The  method  of  carrying  up  the  embank- 
ment continously  in  layers  of  a  certain  thickness  and  well  traveled  was 
complied  with,  to  a  great  extent.    Wheel  scrapers  with  about  36  teams 
were  used.    At  the  time,  the  chute  was  discharging  a  stream  about  4  ft. 
in  depth  into  the  river  with  considerable  velocity.    No  effort  was  made 
to  dam  the  stream  in  any  way  above  the  levee  site,  as  such  would  have 
required  about  as  much  time  and  expense  as  the  proposed  levee.     The 
work  was  begun  by  depositing  earth  as  far  down  the  bank  and  as  close 
to  the  stream  along  each  side  as  the  natural  slope  of  the  loose  and  new 
earth  would  permit  without  being  carried  away  by  the  current.     This 
was  continued  until  a  considerable  quantity  of  earth  was  deposited 
toward  the  toe  of  the  land  slope  of  the  levee,  the  surface  or  slope  of 
the  layers  of  new  earth  declining  toward  the  river  side.     An  almost 
imperceptible  sliding  or  slipping  of  the  whole  mass  and  of  the  materiul 
of  the  foundation  toward  the  center  from  each  side  was  seen  to  be 
going  on.     This  gradually  narrowed  the  width  of  the  stream,  raised 
the  surface  of  the  back-water  and  increased  the  velocity  of  the  flow 
until  the  new  earth  began  to  undermine  and  the  sliding  toward  the 
center  increased.     Finally,  the  sides  came  together  and  effectually 
dammed  the  stream,  which  soon  rose  to  a  depth  of  10  or  15  ft.,  but  the 
embankment  was  easily  kept  above  it  as  the  teams  could  then  cross. 
The  embankment  was  completed  in  December,  1898,  without  interfer- 
ence, according  to  the  dimensions  shown  by  the  cross-section  in  Fig.  9. 
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Mr.  Pbarr.        The  following  shows  the  total  number  of  cubic  yards  placed  in  the 
levee  across  the  chute  proper; 

Embankment  and  excavation 21  786 . 2  cu.  vds. 

Additional  excavation 1  600.0      " 

Settling  of  foundation 3  500.5 


(< 


Total 26  886.7  cu.  yds. 

This,  under  a  contract  for  the  construction  of  17  miles  of  levee,  cost 
12.45  cents  per  cubic  yard,  or  $3  347.39. 

The  specifications  allowed  a  free  haul  of  300  ft.,  but,  as  borrow 
pits  were  obtained  upon  the  four  sides  of  the  levee  and  chute,  no  over* 
haul  was  necessary.  Probably  a  fair  estimate  of  the  cost  of  the  levee 
across  the  chute  only,  under  separate  contract,  would  be  30  cents  per 
cubic  yard,  or  88  066. 

The  surface  of  the  water  in  the  bayou  or  chute  on  the  land  side  of 
the  levee  continued  to  rise  until,  in  June  and  July,  1899,  which  was  a 
very  rainy  season,  a  considerable  territory  was  submerged  by  the 
back-water,  which  caused  damage  and  inconvenience.  The  first  nat- 
ural relief  was  drainage  through  several  bayous  running  in  a  southerly 
direction  from  Frenchman's  Bayou  and  discharging  into  the  Wam- 
panocca  Lake,  which  drains  naturally  toward  the  rear,  finally  reaching 
the  St.  Francis  River.  However,  there  was  no  relief  in  this  direction 
until  the  water  surface  in  the  chute  rose  to  Elevation  227,  when  escape 
began  through  Bellhammer  Slough,  located  as  shown  in  Fig.  9.  The 
elevation  of  the  base  of  the  levee  being  208,  there  was  then  a  depth  of 
more  than  19  ft.  continually  standing  against  this  levee.  The  maxi- 
mum width  of  the  base  of  the  levee  was  308  ft.,  and  the  thickness  of  the 
embankment  at  Elevation  227,  the  surface  of  the  back-water,  was 
about  158  ft. 

Under  these  conditions  the  front  or  river  slope  of  the  levee  was 
dry,  and  practically  no  seepage  occurred. 

Bellhammer  Slough  was  canalized  and  deepened,  somewhat  more 
than  a  year  after  the  construction  of  the  levee,  and  the  elevation  of 
the  surface  of  the  back-water  standing  against  the  levee  was  lowered 
about  6  ft.,  or  to  Elevation  221,  where  it  now  stands  with  scarcely  any 
variation.  Practically  no  seepage  takes  place,  and  the  chute  between 
the  levee  and  Old  River  is  being  rapidly  filled  up  by  the  sediment  and 
deposit  of  the  river. 

As  formerly  stated,  the  levee  in  this  vicinity  is  not  thought  to  be  of 
sufficient  height  to  restrain  the  maximum  flood  of  the  Mississippi 
River,  and  during  the  present  year  it  is  proposed  to  raise  the  grade  3 
ft.  and  to  enlarge  and  strengthen  the  levee  proportionally. 

So  far  as  the  writer's  experience  and  study  extend,  there  appears 
to  be  no  reason  why  dams  constructed  of  earth  should  be  limited  to 
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any  particular  height,  provided  the  slope  and  dimensions  are  suffi-  Mr.  Ffearr. 
cient.  In  the  plan  proposed  by  the  author,  the  slope,  base  and  dimen- 
sions certainly  seem  to  be  sufficient  to  withstand  safely  the  head  of  90 
ft.,  the  dam  finishing  10  ft.  above  the  level  of  the  water  impounded  in 
the  lake.  The  ±%  slope,  for  material  of  that  character,  is  no  doubt 
much  flatter  than  the  slope  of  saturation.  Probably  the  material  in 
the  foundation  and  for  the  dam  at  Bohio  is  more  permeable  than  that 
generally  obtained  for  the  construction  of  levees  in  the  Mississippi 
Valley,  and  the  constant  head  in  the  one  case  might  not  be  reasonably 
compared  with  the  duration  of  the  floods  of  the  Mississippi  River, 
though  they  stand  sometimes  as  long  as  from  40  to  60  days  within  a 
few  inches  of  the  top  of  the  levee;  however,  the  incomparable  dimen- 
sions proposed  it  seems  would  more  than  overcome  the  difference  in 
conditions.  It  may  be  expected  that  such  a  dam  and  foundation  will 
become  less  permeable  as  both  the  embankment  and  foundation  settle 
and  become  more  compact,  and  that  seepage  will  decrease. 

It  appears  to  the  writer  that  it  might  be  advisable  to  flatten  the 
slope  on  the  down-stream  side  of  the  high  temporary  earth  dam,  pro- 
posed in  the  third  plan,  from  1  on  2  to  at  least  1  on  8.  This,  how- 
ever, would  increase  its  cost  considerably,  which  as  proposed  is 
nearly  as  much  as  the  estimated  cost  for  the  permanent  dam.  The 
suggestion  to  undertake  the  construction  of  the  permanent  dam  with- 
out the  construction  of  the  temporary  dam  is*  worthy  of  very  serious 
consideration. 

From  a  comparison  of  the  Commission's  plan  with  the  third  plan, 
if  it  may  be  considered  that  the  sligKt  seepage  in  the  latter  will  be  of 
no  practical  disadvantage,  the  very  great  difference  in  the  cost,  say 
<6  755  095  for  the  Commission's,  and  $2  025  675  for  the  third  plan, 
should  be  a  very  strong  inducement  and  justification  for  the  adoption 
and  construction  of  the  latter.  There  is,  of  course,  no  material, 
out  of  which  a  dam  can  be  constructed,  of  as  great  a  permanence  as 
earth. 

Edwin  Dubtba,  Jr.,  M.  Am.  Soc.  C.  E.  (by  letter). — Mr.  Morison  Mr.  Duryea. 
states  that  the  criticism  made  on  his  plan  is  that  "  it  permits  seepage 
through  the  permeable  sand  and  gravel  in  the  lower  part  of  the  geo- 
logical valley." 

His  plan  makes  no  attempt  to  prevent  or  diminish  this  seepage, 
and  he  contents  himself  with  showing  that  the  amount  of  water  thus 
lost  is  relatively  unimportant.  It  is  just  possible,  however,  that  the 
actual  amount  of  seepage  might  prove  to  be  much  larger  than  he  be- 
lieves can  be  the  case,  and  it  is  this  possibility  which  seems  to  be  the 
objectionable  feature  of  the  plan.  This  objection  will  be  removed  if 
any  practicable  plan  can  be  found  which  will  prevent  or  diminish  the 
amount  of  seepage.  Such  a  plan  will  be  most  reassuring  and  most 
effective  if  it  is  of  such  a  nature  that  it  can  be  applied  either  before  or 
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Mr.  Duryea.  after  the  construction  of  the  dam,  so  as  to  be  nsed  only  in  case  the 
seepage  proves  to  be  greater  than  is  thought  advisable,  and  if  the  plan 
is  so  flexible  that  it  can  be  applied  to  as  small  or  as  great  a  degree  as 
seems  necessary,  or  can  be  resorted  to  at  any  subsequent  period. 

It  is  believed  that  a  plan  combining  all  these  favorable  features  is 
that  of  forcing  cement  gront  into  the  layer  of  permeable  sand  and 
gravel  by  means  of  pipes  driven  through  the  overlying  materials  and 
through  the  dam  itself.  The  ordinary  method  of  making  wash-bor- 
ings makes  it  practicable  to  reach  the  permeable  layer  quickly  and 
cheaply,  and  the  fact  that  the  layer  is  permeable  and  allows  water  to 
rise  in  the  pipes  makes  it  certain  that  grout  under  pressure  can  be 
forced  into  it  for  some  distance  away  from  the  pipe.  The  top  and 
bottom  of  the  layer  of  sand  and  gravel  should  be  first  located  by  the 
boring;  then,  beginning  with  the  foot  of  pipe  at  the  bottom  of  the 
layer,  the  grout  should  be  pumped  under  pressure  while  the  pipe  is 
being  raised  by  small  increments  to  the  top  of  the  permeable  layer. 
The  pipe  could  then  probably  be  withdrawn  at  once.  Both  the  suc- 
cess attending  the  operation  and  the  proper  distance  apart  at  which  to 
place  the  holes  could  be  ascertained  either  before  or  after  the  construc- 
tion of  the  dam  by  observing  the  action  of  the  grout  in  open  pipes 
driven  at  various  distances  from  the  pipe  being  grouted.  The  effi- 
ciency of  the  plan  in  preventing  seepage  could  be  tested  by  completing 
a  line  of  grouted  holes  across  the  valley  and  then  testing  the  difference 
in  height  to  which  water  would  rise  in  pipes  driven  on  the  up-stream 
and  on  the  down-stream  sides  of  the  line,  or  by  completing  two  lines 
of  grouted  holes  some  distance  apart  up  and  down  stream  and  then 
testing  the  height  to  which  water  would  rise  in  pipes  driven  between 
the  lines. 

Any  number  of  holes  could  be  driven,  but  it  seems  that  a  double 
row  arranged  so  that  they  form  the  apexes  of  equilateral  triangles  of 
8-ft.  sides  should  be  quite  effective.  This  would  make  a  hole  for  each 
4  ft.  in  width  of  the  permeable  layer.  The  width  of  this  layer,  on  the 
sections  shown,  is  nowhere  as  great  as  800  ft.,  so  that  an  allowance  of 
100  holes  should  be  ample.  There  should  be  no  difficulty  in  driving 
these  holes  and  doing  the  grouting  effectively  for  the  sum  of  $500  per 
hole.  This  would  make  the  cost  of  the  100  holes  $50  000,  or— allow- 
ing, say,  200  holes  for  safety — a  cost  of  $100  000  for  a  plan  which 
would  remove  the  chief  objection  to  Mr.  Moris  on' s  proposed  design. 
A  means  to  positively  control  the  seepage  would  be  cheap  even  at  twice 
this  cost. 

Mr.  Morison's  plan  is  very  original  in  that  it  removes  by  the  most 
radical  means  all  danger  from  saturation.  Past  experience,  however, 
has  not  shown  this  danger  to  be  a  very  real  one  in  ordinary  earth  dams 
of  good  design  and  construction.  There  seems  to  be  no  reason  why 
his  dam  should  cover  such  a  large  area,  except  that  by  this  means  the 
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volume  of  rook  in  the  four  rook-fill  dams  is  perhaps  kept  down  to  a  Mr.  Duryea. 
smaller  amount  than  otherwise.     His  design  is  very  economical,  and, 
if  more  complete  examinations  show  no  worse  conditions  at  the  site 
than  are  now  believed  to  exist,  should  probably  be  adopted  in  its 
original,  or  in  some  modified,  form. 

The  object  in  view  by  the  Isthmian  Canal  Commission,  however, 
was  probably  to  present  a  plan  which  would  meet  the  worst  conditions 
that  might  be  developed  by  more  thorough  examinations,  and  at  the 
same  time  to  assume  as  a  preliminary  estimate  a  cost  so  high  that  it 
would  cover  any  reasonable  plan  which  might  be  finally  adopted. 
While  all  efforts  should  be  made  to  use  a  more  economical  plan,  such 
as  that  of  Mr.  Morison,  it  was  certainly  only  prudent  and  conserva- 
tive for  the  Commission  to  adopt  for  their  purpose  the  much  higher 
cost  of  their  proposed  design. 

C.  A.  Sundstbom,  M.  Am.  Soc.  C.  E.  (by  letter). — This  paper  is  Mr.Sundetrom. 
valuable  and  instructive,  and  if  the  United  States  Government  decides 
to  complete  the  Panama  Canal,  Mr.  Morison's  plan  should  be  adopted 
in  preference  to  any  other,  on  account  of  increased  utility,  minimum 
cost,  least  amount  of  skilled  labor  required  and  completion  in  the 
shortest  time.  His  plan  offen  another  great  advantage,  in  that  it  can 
be  executed  without  the  use  of  pneumatic  caissons.  Pneumatic 
caissons  are  very  objectionable  when  they  must  be  sunk  to  an  unpre- 
cedented depth,  in  a  tropical  country,  where  the  temperature  is 
seldom,  if  ever,  below  90°,  and  when,  after  the  completion  of  the 
work,  no  better  result  has  been  obtained  than  if  another,  and  less 
drastic,  method  had  been  adopted. 

The  object  of  the  Isthmian  Canal  Commission's  plan,  so  far  as  the 
writer  can  see,  is  to  reduce  the  seepage  as  much  as  possible,  by  con- 
structing an  earth  dam,  enclosing  a  core-wall,  which  is  to  be  carried 
down  to  bed-rock  by  means  of  pneumatic  caissons.  Admitting  the 
possibility  of  sinking  caissons  to  the  required  depth,  it  must  neces- 
sarily be  a  most  difficult  problem  to  fill  the  space  between  them  with 
impervious  material.  It  can  be  assumed,  with  reasonable  certainty, 
that  this  can  be  done  only  within  certain  limits;  that  is  to  say,  a 
depth  will  be  reached,  below  which  the  spaces  between  the  caissons 
must  be  left  open  and  cause  a  seepage  fully  as  great  as  that  which  may 
occur  through  the  dam  proposed  by  Mr.  Morison. 

The  nature  of  the  permeable  strata,  which  cover  the  bed  of  the 
valley  to  a  considerable  depth,  is  the  same  at  the  site  of  the  Isthmian 
Canal  Commission's  dam  and  the  one  proposed  by  Mr.  Morison. 
Consequently,  the  same  factors  for  calculating  the  velocity  of  the  per- 
colating water  can  be  used  in  both  oases,  the  length  of  the  percolation 
being  the  only  variable  quantity.  Mr.  Morison's  calculations  show 
a  velocity  of  0.002  ft.  per  second  under  his  dam,  and  a  seepage  of  40 
cu.  ft.  per  second.     Assuming  the  length  of  the  strata  through  which 
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Mr.Sundstrom.  percolation  will  take  place  at  the  Isthmian  Canal  Commission's  dam 
to  be  500  ft.,  the  velocity  of  the  percolating  water  will  be 

F_  1000x90  (90  +  10)  ^ 
600  x  60 

V  =     300  cP  m.  per  day,  or 

V  =  0.0117  ft.  per  second,  when  d  is  assumed  to  be  1  mm. 
There  are  thirteen  openings,  each  4  ft.  wide,  giving  a  length  of  52 

ft.  along  the  dam,  through  which  seepage  can  pass  without  interrup- 
tion. In  order  to  produce  a  seepage  of  40  cu.  ft.  per  second,  the  depth, 
d,  of  the  percolating  strata  will  be  found  to  be 

52  d  X  0.0117  =  40, 
giving  tf  =  65.7  ft. 

The  elevation  of  the  bottom  of  the  core-wall  is  —  128.  Conse- 
quently, the  depth  to  which  the  percolation  must  be  interrupted  will 
be  —  128  +  65.7  =  —  62.3. 

This  shows,  beyond  a  doubt,  that  in  order  to  obtain  the  same 
result  as  Mr.  Morison,  the  Isthmian  Canal  Commission,  after  the 
caissons  have  been  put  in  place  and  the  core-wall  has  been  constructed, 
have  a  Herculean  task  ahead  of  them.  If  they  succeed  in  solving  the 
problem  that  far,  they  will  have  a  structure  which  will  cost  $4  700  000 
more  than  Mr.  Morison fs  plan,  will  require  a  great  amount  of  skilled 
labor,  and  will  consume  considerably  more  time  in  its  construction. 
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NATHANIEL  EDWARDS  RUSSELL,  M.  Am.  goc.  C.  E.* 


Dm>  Jahuaxt  14th,  1902. 


Nathaniel  Edwards  Russell,  son  of  Charles  P.  and  Louisa  (Richard- 
son) Russell,  was  born  at  Washington,  D.  C,  on  February  24th,  1848. 
His  father  was  a  clergyman,  a  personal  friend  of  Abraham  Lincoln, 
and  delivered  the  sermon  at  the  funeral  of  the  murdered  President. 

Mr.  Russell's  education  began  in  the  schools  of  Washington,  and 
he  then  took  a  practical  course  in  mechanical  engineering,  serving  his 
time  in  machine  shops  there. 

In  1867  he  entered  the  Rensselaer  Polytechnic  Institute,  and  was 
graduated  in  1870,  taking  the  degree  of  G.  E. 

His  first  position  was  that  of  Civil  Assistant  Engineer  under  General 
O.  K.  Warren,  Corps  of-  Engineers,  U.  S.  A.,  his  work  being  upon 
surveys  and  improvement  of  rivers  and  harbors  in  New  England. 
Later,  he  was  transferred  to  the  Northwest,  in  the  same  service,  and, 
as  Assistant  Engineer,  was  in  charge  of  the  work  of  establishing  slack- 
water  navigation  on  the  Fox  River.  He  also  made  numerous  survejs. 
From  May  to  November,  1871,  he  was  in  charge  of  the  construction  of 
a  pile  pier  in  the  harbor  at  Menominee,  Michigan.  From  November, 
1871,  to  May,  1872,  he  was  in  the  United  States  Engineers'  office  at 
Chicago,  Illinois.  From  May  to  November,  1872,  he  was  Assistant 
United  States  Engineer  in  charge  of  the  lower  section  of  the  Wisconsin 
River  improvement,  and  from  the  latter  date  until  July,  1875,  he  was  in 
charge  of  the  detailed  surveys  and  the  construction  of  the  upper  and 
lower  sections  of  the  Fox  River  improvement. 

From  September,  1875,  to  February,  1876,  Mr.  Russell  was  As- 
sistant Engineer  on  the  construction  of  the  Albany  and  Greenbush 
Bridge.  From  July,  1876,  to  January,  1882,  he  was  with  the  Wiley 
and  Russell  Manufacturing  Company  of  Greenfield,  Massachusetts, 
designing  and  superintending  the  enlargement  of  their  plant. 

Mr.  Russell  was  General  Manager  of  the  Alleghany  Coal  and  Iron 
Company,  of  Richmond,  Virginia,  from  January,  1882,  to  March,  1888, 
and  President  of  that  company  from  the  latter  date  until  July,  1885, 
and  at  the  same  time  General  Manager  of  the  Henrico  Coal  Company, 
of  Richmond. 

He  practiced  afterward  as  a  consulting  engineer,  with  headquarters 
at  Lansingburg,  New  York,  designing  and  erecting  bridges  and  roofs, 
among  the  latter  being  that  of  Harmanus  Bleeker  Hall,  at  Albany, 
New  York.    He  was  also  in  charge  of  the  construction  of  the  bridge 
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connecting  the  tracks  of  the  Utica,  Clinton  and  Binghamton  and  the 
Utica  and  Black  River  Railroads,  at  Utica,  New  York. 

For  a  short  time  he  was  Superintendent  of  the  works  of  the  Amer- 
ican Graphophone  Company. 

From  1891  to  1894  he  was  General  Manager  of  the  Walter  A.  Wood 
Manufacturing  Company,  at  Hoosiok  Falls,  Massachusetts,  and,  later, 
resumed  his  practice  as  consulting  engineer. 

On  July  1st,  1874,  Mr.  Russell  married  Miss  Lucy  Coleman  Flack, 
daughter  of  Mr.  David  H.  Flack,  of  Lansingburg,  New  York. 

His  death  occurred  at  Lansingburg,  New  York,  on  January  14th, 
1902,  and  resulted  from  a  fall  in  alighting  from  an  electric  car  in  the 
summer  of  1891,  his  senses  of  smell  and  taste  remaining  much  im- 
paired after  his  recovery  from  a  severe  illness  following  this  accident. 
He  died  after  a  few  moments  of  intense  suffering,  followed  by  several 
hours  of  unconsciousness.    He  leaves  a  widow  and  one  daughter. 

It  is  difficult  to  express  in  words  the  affection  and  esteem  which 
were  felt  for  Mr.  Russell  by  every  one  privileged  to  know  him.  To 
him  his  friends  were  truly  "  knit  with  hooks  of  steel,"  and  the  an- 
nouncement of  his  death  made  the  world  seem  smaller  to  each  and  all 
of  them. 

He  felt  no  wish  to  become  conspicuous,  professionally  or  otherwise, 
but  shrank  from  notice,  rather  than  courted  it.  He  always  under- 
valued his  own  ability,  and  worked  zealously,  intelligently  and  suc- 
cessfully from  love  of  the  profession  which  he  adorned.  No  thought 
or  action  below  the  highest  standard  of  honor,  kindliness,  and  gen- 
erosity was  possible  to  him,  and  every  individual  who  knew  him  will 
endorse  the  absolute  truth  of  these  words.  He  deserved,  if  ever  man 
did,  to  rank  as  a  type  of  the  dignified  Christian  gentleman,  able  and  ex- 
perienced engineer,  man  of  catholic  and  cultivated  taste  and  reading, 
devoted  husband  and  father,  and  staunch  friend ;  and,  as  a  rare  com- 
bination of  all  these  qualities,  his  sorrowing  friends  will  always  remem- 
ber him.  Every  community  in  which  he  has  lived  has  benefited  by  his 
life  and  is  a  loser  by  his  death. 

Mr.  Russell  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  October  3d,  1888. 
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MINUTES  OF  MEETINGS. 


OF  THE  SOCIETY. 


April  ad,  190a. — The  meeting  was  called  to  order  at  8.46  p.  M., 
James  Owen  in  the  chair;  Charles  Warren  Hunt,  Secretary;  and 
present,  also,  81  members  and  5  guests. 

The  minutes  of  the  meetings  of  March  5th  and  19th  were  approved 
as  printed  in  the  Proceedings  for  March,  1902. 

A  paper  by  Marsden  Manson,  M.  Am.  Soc.  C.  E.,  entitled  "A  Brief 
History  of  Road  Conditions  and  Legislation  in  California,"  was  pre- 
sented by  the  Secretary  and  discussed  by  Messrs.  James  Owen  and 
George  W.  Tillson. 

A  second  paper,  by  Charles  C.  Went  worth,  M.  Am.  Soc.  C.  E., 
entitled  "  Line  and  Surface  for  Railway  Curves,"  was  presented  by  the 
Secretary,  who  also  read  a  communication  on  the  subject  from  James 
K.  Geddes,  M.  Am.  Soc.  C.  E. 
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Ballots  for  membership  were  canvassed  and  the  following  candidates 
were  elected: 

As  Membebs. 

Charles  Aido  Alderman,  Columbus,  Ohio. 

Edwabd  Richard  Caby,  Troy,  N.  Y. 

Charles  Fbbdbbick  Dunham,  Sierra  Mojada,  Mexico. 

Felix  Fbeyhold,  Washington,  D.  C. 

John  Venablb  Hanna,  Springfield,  Mo. 

John  Lewis  Howard,  Boston,  Mass. 

William  Henry  Luster,  Jr.,  Elizabeth,  N.  J. 

Geobge  Sergeant,  Jr.,  Brooklyn,  N.  Y. 

As  Associate  Membebs. 

Geoboe  Washington  Armttage,  Havana,  Cuba. 
Harold  Bbdfobd  Atkins,  New  York  City. 
John  Walker  Babbigbb,  Jr.,  Kansas  City,  Mo. 
Mubbat  Blanchaed,  Detroit,  Mich. 
Benjamin  Franklin  Cbbsson,  Jr.,  New  York  City. 
Fbbdbbick  Harold  Fat,  Boston,  Mass. 
Gustavus  Adolphus  Gbssneb,  Jr.,  Toledo,  Ohio. 
Charles  Oilman  Hyde,  Philadelphia,  Pa. 
Geoboe  Washington  Lilly,  Columbus,  Ohio. 
Habby  John  MoDabgh,  Dayton,  Ohio. 
Walteb  Edwin  Noble,  Fall  Biver,  Mass. 
Herman  Schneider,  South  Bethlehem,  Pa. 
Charles  Albert  Slayton,  Wapanuoka,  Ind.  T. 
Peblby  Egbert  Stevens,  Philadelphia,  Pa. 
Thomas  Hollis  Wiggin,  Jersey  City,  N.  J. 
Henry  Felix  Wilson,  Jr.,  Birmingham,  Ala. 

The  Secretary  announced  the  election  of  the  following  candidates 
by  the  Board  of  Direction  on  April  1st,  1902: 

As  Associate. 
Franklin  Lincoln  Gaines,  Grand  Bapids,  Mich. 

As  Juniobs. 

Frank  Rahn  Shctnk  Layng,  Pittsburg,  Pa. 
Hans  Carl  Thomas  Toensfbldt,  St.  Louis,  Mo. 
John  Geobge  Ullmann,  Buffalo,  N.  Y. 
Geobge  Littleton  Warner,  Washington,  D.  C.     . 
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The  Secretary  announced  the  subjects,  adopted  by  the  Publication 
-Committee,  for  topical  discussion  at  the  Annual  Convention.* 

The  Secretary  announced  the  death  of  Nathaniel  Cheney,  elected 
Fellow  July  21st,  1870;  died  Jnne  29th,  1901. 

The  Secretary  announced  the  appointment,  by  the  Board  of  Direc- 
tion, of  the  following  Special  Committee  on  Bail  Sections: 

G.  Bousgaben,  Chairman; 
C.  W.  BuoHHOLz,  H.  O.  Pbout, 

S.  M.  Fee/ton,  Joseph  T.  Riohabds, 

Robert  W.  Hunt,  Pebcival  Roberts,  Jr., 

John  D.  Isaacs,  Geobob  £.  Thaoxbat, 

RldHABD  MONTFOBT,  EDMUND  E.  TuBNEB, 

William  R.  Websteb. 
Adjourned. 

April  i6th,  190a.— The  meeting  was  called  to  order  at  8.40  p.  m«, 
Emil  Kuiohling,  Director,  Am.  Soo.  C.  E.,  in  the  chair;  Charles 
Warren  Hunt,  Secretary;  and  present,  also,  126  members  and  11 
guests. 

A  paper  by  Archibald  R.  Eldridge,  M.  Am.  Soc.  C.  E.,  entitled  "Is 
it  Unprofessional  for  an  Engineer  to  be  a  Patentee?  "  was  presented 
by  the  Secretary  and  discussed  by  Messrs.  Samuel  Whinery  and  James 
Owen. 

A  second  paper,  by  Joseph  Mayer,  M.  Am.  Soo.  C.  E.,  entitled 
"  The  Stiffening  System  of  Long-Span  Suspension  Bridges  for  Rail- 
way Trains/'  was  read  by  title  and  discussed  by  Messrs.  L.  S.  Moisseiff, 
H.  A.  La  Chicotte,  W.  Hildenbrand  and  L.  L.  Buck. 

The  Secretary  announced  the  leading  features  of  the  programme  for 
the  Annual  Convention. 

The  Secretary  announced  the  death  of  Emzlio  Del  Monte,  elected 
Member  December  4th,  1895;  died  March  20th,  1902. 

Adjourned. 

OP  THE  BOARD  OF  DIRECTION. 

(Abstract. ) 

April  i,  loos. — 8.20  p.  m. — Vice-President  Schneider  in  the  chair; 
Charles  Warren  Hunt,  Secretary,  and  present,  also,  Messrs.  Briggs, 
Buck,  Croes,  Endioott,  Knap,  Pegram,  Seaman  and  Wilgus. 

Action  was  taken  completing  the  Special  Committee  to  report  on 
Rail  Sections. 

Applications  were  considered,  and  various  matters  of  business 
detail  transacted. 

One  candidate  for  Associate  and  four  for  Junior  were  elected. f 

Adjourned. 

*  See  page  127. 
t  Seepage  j24. 
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ANNOUNCEMENTS. 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M. 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day  and 
Christmas  Day. 

MEETINGS. 

Wednesday,  May  7th,  1903. — 8.80  p.  m. — At  this  meeting,  ballots 
for  membership  will.be  canvassed,  and  a  paper  by  George  S.  Webster 
and  Samnel  Tobias  Wagner,  Members,  Am.  Soc.  C.  £.,  entitled  "  The 
Pennsylvania  Avenne  Subway  and  Tunnel,  Philadelphia,  Pa.,"  will  be 
presented  for  discussion. 

This  paper  was  printed  in  the  Proceedings  for  March,  1902. 

Wednesday,  June  4th 9  190a. — 8.30  p.  m. — At  this  meeting,  ballots 
for  membership  will  be  canvassed,  and  a  paper  by  George  L.  Dillman, 
M.  Am.  Soc.  C.  E.,  entitled  "A  Proposed  New  Type  of  Masonry  Dam," 
will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

Wednesday,  September  3d,  1903. — 8.30  p.  m. — A  regular  business 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed,  and 
a  paper  by  R.  C.  MoCalla,  M.  Am.  Soc.  0.  E.,  entitled  "  Improvement 
of  the  Black  Warrior,  Warrior  and  Tombigbee  Rivers,  in  Alabama," 
will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

ANNUAL  CONVENTION  OP  1903. 

The  Thirty-fourth  Annual  Convention  of  the  Society  will  be  held  at 
Washington,  D.  C,  beginning  on  Tuesday,  May  20th,  1902. 

A  programme  has  been  arranged  and  its  general  features  have  been 
indicated  in  a  circular  which  has  been  sent  to  all  members. 

The  general  arrangements  for  the  Convention  are  in  the  hands  of  a 
Committee  of  the  Board  of  Direction,  consisting  of  the  following: 

Mordicai  T.  Endicott, 
Gbobge  H.  Pegkam,  Chas.  Wabben  Hunt. 

The  following  Local  Committee  of  Arrangements  has  been  appointed 
by  the  Board  of  Direction : 

George  W.  Melville.  Chairman; 
John  Biddle,  C.  B.  Hunt, 

William  M.  Black,  D.  E.  McComb, 

D.  S.  Cabll,  Alexander  Mackenzie, 

Bernard  R.  Green,  Alexander  M.  Miller, 

H.  M.  Wilson. 
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TOPICS  FOR  INFORMAL  DISCUSSION. 

The  following  topics  have  been  selected  for  discussion : 

Topic  No.  i.  "In  contract  work,  either  public  or  private,  is  it  prefer- 
able to  make  separate  contracts  for  the  different 
branches  of  trades  involved,  or  to  combine  all  nnder 
one  general  contract?" 

Topic  No.  a.     "  Is  it  possible  and  desirable  to  keep  accounts  of  work 

in  progress  in  such  a  manner  as  to  ascertain  unit 
costs  on  each  class  of  work?" 

Topic  No.  3.     "Is  steel  susceptible  of  being  made  as  permanent  a 

building  material  as  masonry  ?" 

Topic  No.  4.  "In  view  of  the  numerous  disasters  caused  by  the  con- 
tracting of  channels,  or  the  damming  of  small 
streams,  should  non-navigable  streams  be  under 
the  control  of  the  National  Government?" 

Topic  No.  5.  "  Should  the  National  Government  undertake  the  con- 
struction and  operation  of  irrigation  works?" 

Topic  No.  6.    "  Should  Engineering  Practice  be  regulated  by  a  code 

of  ethics?     If  so,  how  can  such  a  code  be  estab- 
lished?" 
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DONATIONS.* 

(From  March  13th  to  April  8th,  1902.) 

COMPRESSED  AIR. 

Its  Production,  Uses  and  Applications,  comprising  the  Physical 
Properties  of  Air  from  a  Vacuum  to  its  Liquid  State,  its  Thermo- 
Dynamics,  Compression,  Transmission  and  Uses  as  a  Motive  Power  in 
the  Operation  of  Stationary  and  Portable  Machinery,  in  Mining,  Air 
Tools,  Air  Lifts,  Pumping  of  Water,  Acids  and  Oils;  the  Air  Blast 
for  Cleaning  and  Painting,  the  Sand  Blast  and  its  Work,  and  the 
Numerous  Appliances  in  which  Compressed  Air  is  a  Most  Convenient 
and  Economical  Transmitter  of  Power  for  Meohanical  Work,  Eailway 
Propulsion,  Refrigeration  and  the  Various  Uses  to  whioh  Compressed 
Air  has  been  Applied.  By  Gardner  D.  Hiscox,  M.  E.  Cloth,  10x7 
ins.,  822  pp.,  portrait,  illus.  New  York,  Norman  W.  Henley  &  Co., 
1901.    95.00. 

The  author  states  in  the  preface  that  the  practical  application  of  compressed  air  for 
doing  mechanical  work  is  of  so  recent  date  that  the  design  and  construction  of  any  of 
the  most  useful  machines  operated  by  compressed  air  rest  upon  empirical  rather  than 
scientific  formulas.  It  is  one  of  the  objects  of  the  present  volume  to  make  available 
the  ascertain**!  facts  of  experimental  research  in  atmospheric  phenomena,  and,  so  far 
as  possible,  the  fundamental  basis  upon  which  such  ascertained  facts  securely  rest.  In 
addition  to  the  consideration  of  the  properties  of  air  when  simply  compressed  above 
the  ordinary  pressure  of  the  atmosphere,  the  work  includes  also  a  consideration  of  the 
properties  of  air  below  atmospheric  pressure.  A  large  number  of  illustrations  are 
given  to  show  the  salient  features  of  the  latest  and  best  designs,  including  portable 
machines  and  individual  and  special  tools  for  lessening  manual  labor  and  increasing  the 
output  of  work.  The  work  includes  a  consideration  of  the  hygienic  problems  involved 
in  caisson  work,  and  the  use  of  compressed  air  for  refrigerating  purposes  with  the 
physical  and  thermodynamic  problems  connected  therewith. 

THE  EARNING  POWER  OP  RAILROADS. 

With  Tables  Showing  Facts  as  to  Earnings,  Capitalization,  Mileage, 
etc.,  of  One  Hundred  Railroads  in  the  United  States  and  Canada.  By 
Floyd  W.  Mundy.  Cloth,  8x5J  ins.,  190  pp.  New  York,  Floyd  W. 
Mundy,  1902.     $2.00. 

In  the  introductory  remarks  it  is  stated  that  this  volume  treats  alone  and  in  the 
most  simple  and  tentative  manner  of  the  earning  power  of  railroads,  and  deals  not  at 
all  with  the  traffic  resources  and  the  financial  and  physical  condition.  It  is  intended  to 
be  a  helpful  guide  to  investors.  It  consists  of  a  number  of  short  chapters  on  Income 
Account,  Operating  Expenses,  Maintenance  Expenses,  Maintenance  of  Way,  Mainte- 
nance of  Equipment,  Conducting  Transportation  and  General  Expenses,  The  Operating 
Ratio,  Fixed  Charges,  and  Stock  Outstanding  in  its  Relation  to  Earning  Power,  followed 
by  tables  and  notes  relating  to  specific  railroads  in  the  United  States  and  Canada. 

THE  BLOCK  SYSTEM  OP  SIONALINO  ON  AMERICAN  RAILROADS. 

The  Methods  and  Appliances  Used  in  Manual  and  Automatic  Block 

Signaling,  also  Descriptions  of  Hand  Operated  and  Power  Operated 

Interlocking  Machines.    By  Braman  B.  Adams.     Cloth,  9x6  ins.,  234 

pp.,  illus.     New  York,  The  Railroad  Gazette,  1901.     82.00. 

This  book  is  a  revised  edition  of  "  American  Practice  in  Block  Signaling,"  issued 
ten  years  ago.  The  matter  has  been  entirely  rewritten.  Nearly  every  mechanical  or 
electrical  device  described  in  the  former  work  has  been  improved  or  superseded,  and  the 
bulk  of  the  book  is  taken  up  with  the  numerous  modifications  and  improvements  which 
have  been  made  since  1800.  The  aim  has  been  to  treat  the  subject  from  a  practical 
standpoint;  to  show  well-approved  practice,  rather  than  ideals  or  experiments.  History 
is  touched  upon  only  incidentally.    There  nave  been  added  brief  descriptions  of  the 

*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  to  the  Library  by 
the  Publisher. 
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principal  types  of  interlocking  machines  used  in  America.  In  these  descriptions,  as  in 
those  of  the  mechanical  features  of  block  signaling,  the  purpose  has  been  to  show  the 
methods  of  working,  rather  than  details  of  material  or  construction.  The  Contents  are: 
The  Telegraph  Block  System,  Pennsylvania  R.  R.;  The  Telegraph  Block  System,  Erie  R. 
R.,  Chicago.  Burlington  &  Qulncy  R.  R.;  The  Telegraph  Block  System  on  Single  Track, 
Chicago,  Milwaukee  &  St.  Paul  Ry.;  8ingle-Track  Blocking,  Erie  R.  R.,  Wabash  R.  R.. 
Atchison,  Topeka  &  Santa  F6  Ry.;  The  Controlled  Manual  or  "  Lock-and-Block " 
System,  New  York,  New  Haven  &  Hartford  R.  R.;  Controlled  Manual.  The  Electric 
Train  Staff;  Automatic  Block  Signals— Clock- Work  Apparatus,  Enclosed  Disk  8ignals; 
Automatic  Block  8ignals  on  Single-Track,  Cincinnati,  New  Orleans  &  Texas  Pacific 
Ry.;  Electro-Pneumatic  Automatic  Block  Signals;  Automatic  Block  Signals—The 
Electric  Semaphore;  Three-Position  Automatic  Block  Signals,  Pittsburgh,  Fort  Wayne 
&  Chicago  Ry.;  Conclusions,  Statistics;  The  Sazby  and  Farmer  Interlocking  Machine; 
The  Johnson  Interlocking  Machine;  The  Westinghouse  Electro-Pneumatic  Machine;  The 
Low-Pressure  Pneumatic  Machine;  The  Taylor  Electric  Machine.  There  is  an  index  of 
four  pages. 

PRACTICAL  CALCULATION  OP  DYNAMO-ELECTRIC  MACHINES. 

A  Manual  for  Electrical  and  Mechanical  Engineers  and  a  Text-Book 
for  Students  of  Electrical  Engineering,  Continuous  Current  Machinery. 
By  Alfred  E.  Wiener,  M.  A.  I.  E.  E.  Second  Edition,  Revised  and 
Enlarged.  Cloth,  9J  x  6J  ins.,  36  +  727  pp.,  illtis.  New  York,  Elec- 
trical World  and  Engineer,  1902.     $3.00. 

It  has  been  the  aim  of  the  author  in  preparing  this  volume  to  develop  an  entirely  prac 
tical  treatise  on  dynamo-calculation,the  treatment  of  the  subject  being  based  upon  results 
obtained  in  practice  and  therefore  giving  such  practical  experience.  There  are  more 
than  a  hundred  original  tables  and  nearly  five  hundred  formulas  derived  from  the  data 
and  tests  of  over  two  hundred  modern  dynamos  of  American  as  well  as  English  make. 
Although  intended  as  a  text-book  for  students  and  a  manual  for  practical  dynamo 
designers,  it  is  believed  that  any  one  possessing  a  fundamental  knowledge  of  arithmetic 
and  algebra  will  be  able,  by  means  of  this  work,  successfully  to  calculate  and  design  any 
kind  of  a  continuous-current  dynamo.  The  formulas  are  so  prepared  that  the  results 
are  obtained  in  inches^feet,  pounds,  etc.,  but  the  tables  are  given  both  for  the  English 
and  metric  systems.  The  Contents  are:  Physical  Principles  of  Dynamo-Electric  Ma- 
chines; Calculation  of  Armature:  Calculation  of 'Magnetic  Flux;  Dimensions  of  Field- 
Magnet  Frame;  Calculation  of  Magnetizing  Forco;  Calculation  of  Magnet  Winding; 
Efficiency  of  Generators  and  Motors,  Designing  of  a  Number  of  Dynamos  of  Same  Typet 
Calculation  of  Electric  Motors,  Unipolar  Dynamos,  Motor-Generators,  etc.,  and  Dynamo. 
Graphics;  Practical  Examples  of  Dynamo  Calculation;  Tables  of  Dimensions  of  Modern 
Dynamos;  Wire  Tables  and  Winding  Data;  Localization  and  Remedy  of  Troubles  in 
Dynamos  and  Motors  in  Operation.    There  is  an  index  of  twenty-three  pages. 

ELECTRIC  GAS  LIOHTINO. 

How  to  Install  Electric  Gas  Igniting  Apparatus  Including  the 
Jump  Spark  and  Multiple  Systems  for  Use  in  Houses,  Churches,  Thea- 
tres, Halls,  Schools,  Stores  or  any  Large  Buildings;  also  the  Care  and 
Selection  of  Suitable  Batteries;  Wiring  and  Repairs.  By  H.  S.  Norrie 
(Norman  H.  Schneider).  Cloth,  6J  x  5  ins.,  8  +  101  pp.,  illus.  New 
York,  Spon  &  Chamberlain,  1901.     $0.50. 

The  preface  states  that  the  object  of  this  book  is  to  enable  any  one  possessing  ordi- 
nary mechanical  ability  to  construct  much  of  the  apparatus  used  for  igniting  gas  by 
electricity,  or  at  least  to  successfully  erect  it  and  keep  it  in  operation,  as  it  requires  no 
very  complicated  devices,  nor  does  it  necessitate  a  deep  knowledge  of  electrical  matters 

for  Its  install     "  "  "  " --.... 

Connections 
lags; 

WATER-TUBE  BOILERS. 

Based  on  a  Short  Course  of  Lectures  Delivered  at  University  Col- 
lege, London.  By  Leslie  S.  Bobertson,  M.  Inst.  C.  £.  Cloth,  9x6 
ins.,  15  4-  213  pp.,  illus.  New  York,  D.  Van  Nostrand  Company, 
1901.     $3.00. 

The  author  states  in  the  preface  that  the  issue  of  this  book  in  its  present  form  is 
due  to  the  want  of  a  short  practical  work  of  reference  on  water-tube  boilers  for  students 
and  engineers;  that  it  has  retained,  more  or  leas,  the  form  of  the  lectures,  but  that  they 
hare  been  revised  and  adapted  as  far  as  possible  to  their  present  purpose.  No  attempt 
has  been  made  to  deal  with  the  subject  exhaustively  or  in  great  detail,  the  scope  hav- 
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log  been  confined  to  the  following  topics:  1.  An  historical  description  of  the  better- 
known  types  of  tubulous  boilers,  from  the  early  attempts  to  the  present  day.  2.  The 
consideration  of  the  general  principles  underlying  the  construction  of  steam  boilers, 
but  dealing  with  them  only  in  so  far  as  they  immediately  concern  water-tube  boilers. 
8.  A  discussion  of  the  principles  underlying  the  circulation  of  the  water  and  the  hot 
gases.  4.  Short  description  of  the  better-known  types  of  water-tube  boilers.  5.  Boiler 
mountings  and  accessories.  6.  Weight  and  space  occupied.  7.  Advantages  and  disad- 
vantages of  this  type  of  boiler.  An  appendix  gives  the  Interim  Report  of  the  Commit- 
tee, appointed  by  the  Lords  Commissioners  of  the  Admiralty,  to  consider  certain 
questions  respecting  modern  types  of  boilers  for  naval  purposes.  There  is  an  index  of 
nine  pages. 

SOME  DETAILS  OP  WATER-WORKS  CONSTRUCTION. 

By  William  R.  Billings.  Third  Edition.  Cloth,  9  x  6 ins.,  96  pp., 
illus.     New  York,  The  Engineering  Record,  1898.     82.00. 

The  present  volume  consists  of  a  series  of  articles  which  were  originally  published 
in  The  Engineering  Record.  The  writer  states  that  he  has  endeavored  to  be  Drief  and 
practical,  having  especially  in  mind  those  who  have  had  little  or  no  experience  in  actual 
construction  and  who  desire  information  and  suggestion  upon  the  simplest  details. 
The  headings  of  chapters  are:  The  Distributing  System;  Field  Work;  Trenching  and 
Pipe-Laying;  Pipe- Laying  and  Joint-Making;  Hydrants,  Gates,  and  Specials;  Service- 
Ptoes;  Service-Pipes  and  Meters;  Notes  on  the  Construction  of  about  Two  Miles  of  16-Inch 
Water- Main;  Tables  of  Cost. 

FURNACE  DRAFT. 

Its  Production  by  Mechanical  Methods.  Bv  William  Wallace 
Christie,  M.  Am.  Soe.  M.  E.  Cloth,  6x4  ins.,  44  pp.,  illus.  Pub- 
lished by  the  Author,  Paterson,  N.  J.,  1901.     80.50. 

In  presenting  this  monograph  to  the  public  the  author  has  made  no  claim  for  its 
completeness  nor  for  his  infallibility,  but  only  that  he  has  given  to  the  reader  some  facts 
concerning  mechanical  draft  in  a  convenient  form  for  ready  reference.  Some  of  the 
material  has  already  appeared  in  the  Engineering  Magazine.  There  is  an  index  of  two- 
pages. 

PLANE  SURVEYING. 

A  Text  and  Referenco  Book  for  the  Use  of  Students  in  Engineering- 
and  for  Engineers  Generally.  By  Paul  C.  Nugent.  Cloth,  9x  6  ins., 
16  +  577  pp.,  6  plates,  illus.  New  York,  John  Wiley  &  Sons,  1902. 
93.50. 

The  arrangement  of  the  topics  in  this  work  is  in  the  order  in  which  it  has  seemed 
easiest  to  teach  them,  due  regard  being  had  to  completeness  under  each  head,  rather 
than  by  classification  under  the  subdivisions  of  the  subject.  Special  attention  is  called 
to  the  treatment  of  the  adjustments  of  instruments  by  the  methods  of  descriptive  geom- 
etry, the  chapter  on  telescopes,  and  the  forms  for  systematic  arrangement  of  computa- 
tions. The  Contents  are:  Introduction:  Linear  Measuring  Instruments  and  Range  Poles; 
Chain  Surveying;  Compass  and  General  Surveying;  The  Telescopes  of  Surveying  Instru- 
ments; Leveling;  Transit  Surveying;  The  Planimeter  and  the  Slide  Kule;  Topographical 
Surveying:  Hydrographic Surveying;  Mine  Surveying;  The  Solar  Instruments;  The  U.S. 
Public  Lands.—  Resurveys;  Problems:  The  Cyclotomic  Transit;  The  Restoration  of  Lost 
or  Obliterated  Corners  and  Subdivision  of  Sections;  Photo-topographic  Methods  and 
Instruments.     There  is  an  index  of  five  pages. 

SEWACJE  AND  THE  BACTERIAL  PURIFICATION  OP  SEWAGE. 

By  Samuel  Bideal.  Second  Edition.  Cloth,  9x6  ins.,  2  +  303 
pp.,  illus.     New  York,  John  Wiley  &  Sons,  1901.     $3.50. 

The  author  has  endeavored  to  treat  this  subject  from  the  view  point  that  all  schemes 
for  the  purification  of  sewage  by  bacterial  processes  must  be  based  upon  the  theory  of 
the  bacterial  changes,  so  far  as  they  have  been  studied.  In  preparing  the  second  edition, 
the  entire  work  has  been  revised,  and  much  further  knowledge  added,  both  in  theory 
and  practice,  of  the  remarkable  development  of  bacterial  treatment  of  sewage.  Parts  of 
the  earlier  edition  have  been  condensed  to  make  room  for  f reeh  matter,  as  the  aim  has 
been  to  convey  in  a  small  space  as  much  information  as  possible.  The  Contents  are: 
Characters  of  Sewage,  and  Primary  Methods  of  Disposal :  Chemical  Analyses  of  Sewage 
and  Effluents;  Bacteria  Occurring  in  Sewage;  Chemical  Changes  Produced  by  Bacteria; 
Irrigation  and  Sewage  Farms;  Subsidence  and  Chemical  Precipitation:  Sterilisation; 
Bacterial  Purification;  Agricultural  Value  of  Bacterial  Effluents;  Distribution  and  Dis- 
tributors; Trade  Effluents.    There  is  an  index  of  twelve  pages. 
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REVIEW  AND  TEXT  OP  THE  AMERICAN  STANDARD  SPECIFICATIONS  POR 
STEEL. 

Adopted  in  August,  1901,  by  the  American  Section  of  the  Inter- 
national Association  for  Testing  Materials.  By  Albert  Ladd  Colby, 
Member  of  Committee  No.  1  of  American  Section  of  the  I.  A.  T.  M. 
Second  Edition,  Rewritten  and  Containing  the  Revised  Text  of  the 
Standard  Specifications.  Cloth,  7x5  ins.,  103  pp.  Easton.  Pa.,  The 
Chemical  Publishing  Company,  1902.  551.10.  (Donated  by  the 
Author. ) 

The  introduction  states  that  in  drawing  up  these  standard  specifications  the  Com- 
mittee was  conservative,  and  included,  in  the  main,  only  such  requirements  as  has  been 
proved  in  practice  to  be  of  value  or  essential  in  determining  whether  or  not  the 
material  is  suited  for  the  purpose  intended.  The  specifications  were  adopted  as  repre- 
senting the  American  practice  of  to-day.  They  are  not  intended  to  cover  every  specific 
purpose,  but  it  is  believed  that  they  will  serve  for  the  majority  of  uses  to  which  steel 
Is  applied,  and  that  they  can  be  modified  to  suit  particular  requirements  without 
departing  materially  from  the  standard  form  and  practice  recommended.  In  addition 
to  the  text  of  the  specifications,  the  work  contains  the  reasons  governing  the  Com- 
mittee in  its  decisions. 

WATER  AND  WATER  SUPPLIES. 

By  John  C.  Thresh.  Third  Edition,  Revised  and  Enlarged.  Cloth, 
8  x  5  ins.,  15  +  527  pp.,  illns.  Philadelphia,  P.  Blak  is  ton's  Son  & 
Co.,  1901.     $2  00. 

The  main  object  of  this  work  is  to  place  within  the  reach  of  those  interested  in 
public  health  the  information  requisite  for  forming  an  opinion  as  to  whether  any 
supply  or  proposed  supply  of  water  is  sufficiently  wholesome  and  abundant,  and 
whether  the  cost  Is  reasonable.  It  does  not  pretend  to  be  a  treatise  on  Engineering, 
yet  it  is  hoped  that  it  contains  sufficient  detail  to  enable  anyone  to  consider  intelligently 
any  scheme  for  supplying  a  community  with  water.  The  author  has  embodied  in 
various  chapters  the  experience  gained  in  large  rural  districts  where  his  schemes  have 
been  carried  to  a  successful  completion.  The  last  chapter  gives  a  brief  rtsumi  of  the 
law  relating  to  water  supplies.  The  chapter  headings  are:  Water,  Its  Composition, 
Properties,  etc.;  Rain  and  Rain  Water;  Surface  Water;  Subsoil  Water;  Natural  8pring 
Water;  Deep- Well  Waters;  River  Water;  Quality  of  Drinking  Waters:  Impure  water 
and  Its  Effect  upon  Health;  The  Interpretation  of  Water  Analyses;  The  Pollution  of 
Drinking  Water;  The  Self -Purification  of  Rivers;  The  Purification  of  Water  on  the 
Large  Scale;  Domestic  Purification;  The  Softening  of  Hard  Water;  Quantity  of  Water 
Required  for  Domestic  and  Other  Purposes;  Selection  of  Sources  of  Water  Supply  and 
Amount  Available  from  Different  Sources;  The  Protection  of  Underground  water 
Supplies;  The  Protection  of  Surf  ace- Water  Supplies;  Wells  and  Their  Construction; 
Pumps  and  Pumping  Machinery;  The  Storage  of  Water;  The  Distribution  of  Water; 
The  Law  Relating  to  Water  Supplies;  Rural  and  Village  Water  Supplies;  Water 
Charges.    There  is  an  index  of  twenty-nine  pages. 

SHOP  AND  ROAD  TESTING  OP  DYNAMOS  AND  MOTORS. 

A  Practical  Manual  for  the  Testing  Floor,  the  Car  Barn  and  the 
Road.  By  Eugene  C.  Parham  and  John  C.  Shedd.  Cloth,  8x6  ins., 
12  -f  627  pp.,  ill  us.  New  York,  Electrical  World  and  Engineer,  1901. 
$2.50. 

This  work  has  a  two-fold  object:  I.  To  give  a  complete  theory  of  the  commercial 
testing  floor,  so  far  a*  it  relates  to  direct  current  machines,  and  of  the  applications  of 
theory  to  practice.  II.  To  meet  the  demanl  on  the  part  of  operating  companies  for  a 
manual  that  shall  enable  them  to  do  their  own  repair  work  and  consequent  testing.  The 
first  part  of  the  book  is  devoted  to  such  fundamental  and  preliminary  conceptions  as 
are  needed  to  help  those  unacquainted  with  the  general  theory.  The  second  part  treats 
of  the  testing  and  use  of  instruments.  The  third  part  takes  up  in  detail  the  tests  of 
dynamos  and  motors.  AH  examples  and  illustrations  are  taken  from  personal  experi- 
ence. In  this,  the  second  edition,  the  scope  of  the  work  has  been  extended  to  include 
street-car  equipment  and  operation.  The  authors  have  endeavored  in  this  to  be  strictly 
practical  and  at  the  same  time  to  aid  the  reader  in  obtaining  a  comprehensive  grasp  ox 
the  principles  Involved.  The  headings  of  chapters  are:  Elements  of  the  Dynamo;  Ele- 
ments of  the  Motor;  Ohm's  Law;  Measurement  of  Current:  Measurement  of  Electromo- 
tive Force;  Measurement  of  Resistance;  Measurement  of  Insulation;  The  Series  Machine; 
Shunt  and  Compound- Wound  Machine;  The  Compound- Wound  Machine— General  Tests; 
Compounding;  Miscellaneous  Tests;  Grounds  on  the  Line;  Motor  Testing;  Installation 
Car  Equipment  Tests;  Car  Equipment  Tests.    There  is  an  Index  of  seven  pages. 
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The  following  gifts  have  also  been  received: 


48  pam. 
bound  vol., 


Alexandria,  Ind.,  City  Civ.  Engr.    1  specif. 

Am.  Soc.  of  Mech.  Engrs.    1  pam. 

Assoc.  Amicale  dee  Anciens    Sieves  de 

PEeole  Centrale  des  Arts  et  Manufac- 
tures.   1  vol 
Bay  City,  Mich. ,  Board  of  Water- Works.    1 

pam. 
Boston  &  Albany  R.  R.  Co.    5  pam. 
Canada  Southern  Ry.  Co.    1?  pam. 
Chicago,  St.  Paul,  Minneapolis  &  Omaha 

Ry.  Co.    1  pam. 
Church,  George  Earl.    1  pam. 
Clapp,  Otis  F.    1  pam. 
Columbia  Univ.    1  pam. 
Concord  &  Montreal  R.  R.  Co. 
Connecticut  River  R.  R.  Co.  1 

8  pam. 
Corthell,  E.  L.    1  specif. 
Croes,  J.  James  R.    5  vol.,  27  nos. 
Cumberland  Valley  R.  R.  Co.    86  pam. 
Elgin,  Joliet  &  Eastern  Ry.  Co.    8  pam. 
Field  Columbian  Museum,  Chicago,   HI. 

1  bound  vol. 
Fltchburg  R.  R.  Co.    10  pam. 
Fort  Worth  &   Denver    City  Ry.  Co.    2 

pam. 
Glasgow  &  Southwestern  Ry.  Co.    1  pam. 
Grand  Rapids  &  Indiana  Ry.  Co.    1  pam. 
Great  Britain-Patent  Office.    1  pam. 
Harvard  Univ.    1  vol. 
Hayes,  John.    1  pam. 
Henderson,  J.  B.    1  pam. 
Hocking  Valley  Ry.  Co.    6  pam. 
111.  Agricultural  Exper.  Station.    1  pam. 
Johnstown.  N.  Y. ,  Board  of  Water  Commrs. 

1  pam. 
Journal  of  Qas  Lighting.    80  nos. 
Keating,  Edward  H.    1  pam. 
Lansing.  E.  Ten  Eyck.    1  pam. 
Lathbury,  B.  B.    1  round  vol. 
Madras  Pub.  Works  Dept.    1  bound  vol. 
Hass.  Metropolitan  Park  Comm.    1  bound 

vol. 


Merriman.  Mansfield.    8  pam. 
Mexican  National  R.  R.  Co.    11  pam. 
Milne,  Peter.    1  pam. 
Minneapolis,  Minn.,  City  Engr.    1  pam. 
Mobile  &  Ohio  R.  R.  Co.    11  pam. 
New  Jersey  Commr.  of  Pub.  Works. 

bound  vol. 
New  London  Northern  R.  R.  Co.    15 
N.  Y.  State  College  of  Forestry.    8  pam. 
New  Zealand-Mines  Dept.    1  bound  vol. 
Nichols,  O.  F.    1  pam. 
North  Carolina  State  Horticultural  Soc    1 

pam. 
Pennsylvania  R.  R.  Co.    1  pam. 
Richmond,  Fredericksburg  &  Potomac  R. 

R.  Co.    20  pam. 
RoadmasterB'  and  M.  of  W.  Assoc,  of  Amer- 
ica.   1  pam. 
St.  Louis  Merchants1  Exchange.    1  vol. 
St.  Paul,  Minn.,  Board  of  Water  Commrs. 

1  pam. 
Scofleld,  E.  M.    1  pam. 
Soper,  G.  A.    1  pam. 
Springfield.     Mass.,     Board     of     Water 

Commrs.    1  pam. 
Stevens  Inst,  of  Technology.    0  pam. 
Thomas  S.  Clarkson  Memorial  School  of 

Technology.    1  pam. 
U.  S.  Dept.  of  Agriculture.    1  pam. 
U.  S.  Geological  Surv.    1  bound  vol. 
U.  S.  Naval  Observatory.    1  bound  vol. 
U.  S.  War  Dept.    4  bound  vol.,  1  vol.,  18 

soocif 
Waltham,*  Mass.,  Water  Dept.    1  pam. 
West  Virginia  Central  &  Pittsburg  Ry.  Co. 

16  pam. 
Western  Maryland  R.  R.  Co.    1  pam. 
Worcester  Polytechnic  Inst.    8  vol. 
Yale  Univ.    1  vol. 
Yazoo  &  Mississippi  Valley  R.  R.  Co.    2 

pam. 
Yonkers  Board  of  Water  Commrs.    1  pam. 
Unknown  donor.    1  pam. 


BY  PURCHASE. 

Outlines  of  Electrochemistry.  By  Harry  0.  Jones.  New  York, 
The  Electrical  Review  Publishing  Co.,  D.  Van  Nos tr and  Company, 
1901. 

Practical  Marine  Engineering  for  Marine  Engineers  and  Students, 
with  Aids  for  Applicants  for  Marine  Engineers'  Licenses.  By  William 
F.  Durand.     New  York,  Marine  Engineering,  Inc.,  1901. 

Machines  a  Vapeur  et  Machines  Thermiques  Diverses.  Par  J. 
Dejust.     Paris,  Ch.  Dunod,  1899. 

Directory  to  the  Iron  and  Steel  Works  of  the  United  States, 
Embracing  a  Full  List  of  the  Blast  Furnaces,  Boiling  Mills,  Steel 
Works,  Bail  Mills,  Structural  Mills,  Plate  and  Sheet  Mills,  Steel  Cast- 
ing Works,  Tinplate  Works.  Wire-Bod  Mills,  Cut-Nail  Works,  Wire- 
Nail  Works,  and  Forges  and  Bloomaries,  with  Full  Particulars  of  Equip- 
ment, Products,  Ownership,  Officers,  and  All  Becent  Consolidations,  to 
Which  is  Added  a  Complete  List  of  the  Iron  and  Steel  Works  of  Canada. 
Compiled  and  Published  by  The  American  Iron  and  Steel  Association. 
Fifteenth  Edition.  Corrected  to  December  31,  1901.  Philadelphia, 
The  American  Iron  and  Steel  Association,  1901. 
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Statistics  of  the  American  and  Foreign  Iron  Trades  for  1897, 1899 
and  1900;  Annual  Statistical  Report  of  the  American  Iron  and  Steel 
Association,  Containing  Complete  Statistics  of  the  Iron  and  Steel 
Industries  of  the  United  States  for  1897,  '99  and  1900  and  Preceding 
Years;  also  Statistics  of  the  Iron  Ore,  Coal,  Coke,  and  Shipbuilding 
Industries  of  the  United  States,  and  of  Imports  and  Exports  of  Iron 
and  Steel  and  Iron  Ore.  8  vols.  Philadelphia,  The  Iron  and  Steel 
Association,  1898-1900. 

The  Anthracite  Coal  Industry,  a  Study  of  the  Economic  Condition 
and  Relations  of  the  Cooperative  Forces  in  the  Development  of  the 
Anthracite  Coal  Industry  of  Pennsylvania.  By  Peter  Roberts.  With 
an  Introduction  by  W.  G.  Sumner.  New  York,  The  Macmillan  Com- 
pany; London,  Macmillan  &  Co.,  Ltd.,  1901. 

A  New  Pronouncing  Dictionary  of  the  Spanish  and  English  Lan- 
guages. Compiled  by  Mariano  Velazquez  de  la  Cadena.  Revised 
and  Enlarged  by  Edward  Gray  and  Juan  L.  Iribas.  First  Part: 
Spanish-English.     New  York,  D.  Appleton  &  Company,  1901. 

Handbuch  der  Ingenieurwissenschaften.  Vol.  1,  pt.  5.  Leipzig, 
Wilhelm  Engelmann,  1902. 

United  States  Official  Postal  Guide,  January,  1902.  Philadelphia, 
George  F.  Lasher,  1902. 

International  Railway  Congress.  Sixth  Session.  Paris,  Septem- 
ber, 1900.  Proceedings  (English  Edition.)  Vol.  1-2.  Brussels,  P. 
Weissenbruch,  1901. 

Beitrag,  zum  derzeitigen  Stande  der  Abwasserreinigungsfrage  mit 
besonderer  Beruoksichtigung  der  biologischen  Reinigungsverfahren. 
Yon  Prof.  Dr.  Dunbar,  Dr.  K.  Thumm.  Miinohen  und  Berlin,  R. 
Oldenbourg,  1902. 


SUMMARY  OF  ACCESSIONS. 
March  13th  to  April  8th,  1902. 

Donations  (including  8  duplicates  and  57  numbers,  complet- 
ing volumes  of  periodicals) 366 

By  purchase 12 

Total 868 
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MEMBERSHIP. 

ADDITIONS. 


Date  of 
Membership. 

Bbown,  Wendell  Phillips,                                       (  Assoc  M.  Oct.     2,  1896 

Engr.,  The  King  Bridge  Co.,  Cleveland,  Ohio,  "j  M.  March  5,  1902 

Cast,  Edward  Richard, 

City  Engr.,  City  Hall,  Troy,  N.  Y April  2,  1902 

Gbrio,  William, 

Lock  Box  217,  Memphis,  Tenn March5,  1902 

Howard,  John  Lewis,  (.  --     _.         _   1QaQ 

■rv.     «  «  x_      i.^     nr  A  jo  1  Assoc.  M.    Dec.    7,  1898 

Div.  Engr.,  Metropolitan  Water  and  Sewerage  •<  ._  a  ril    2.  1902 

Board,  1  Ashburton  PL,  Boston,  Mass (     ' 

Luster,  William  Henrt,  Jr.,  j  Assoc.  M.    Oct.     3,  1900 

City  Surv.,  City  Hall,  Elizabeth,  N.  J 1  M.  April  2,  1902 

SrMBON,  David, 

Gen.  Mgr.,  Buenos  Aires  Western  By.,  Casilla  No.  741, 

Bnenos  Aires,  Argentine  Republic Jan.     8,1902 

Watt,  John  Mawktat.t,  Gilkison, 

U.  S.  Engr.  Office,  Chattanooga,  Tenn Feb.      5,  1902 

t 
associate  members. 

Banoe,  Charles  William, 

15  Exchange  PL,  Jersey  City,  N.  J March  5,  1902 

Barrioer,  John  Walker,  Jr.,  (f  -.  lfiQft 

Bridge  Engr.,  St.  L.,  M.  A  S.  E.  R.  B.,  510  ^  ^  „      ,   *   "•  J?? 

a      •.    uu       o.  t      -M  /  Assoc.  M.    April   2,  1902 

Granite  Bldg.v  St.  Louis,  Mo (  r 

Cresson,  Benjamin  Franklin,  Jr. 

Care,  Jacobs  A  Davies,  128  Broadway,  New  York  City. .     April   2,  1902 
Derleth,  Charles,  Jr.,  / 

Prof,  of  Civ.  Eng.,  State  Univ.  of  Colorado,  3  *un'     __     *Jb"  ^  \>  ]*®* 

Boulder,  Colo "j  Assoc.  M.    March5,  1902 

Fat,  Frederic  Harold,  t 

Asst.  Engr.,  Eng.  Dept.,  60  City  Hall,  Boston,  \  ,  „     V**'.,  I9  18^ 

M^g      _  .......  .  (Assoc.  M.     April  2,  1902 

Harlow,  James  Hatward,  Jr. , 

Asst.  Engr.,  Pennsylvania  Water  Co.,  701  Wood  St.,  Sta- 
tion D,  Pittsburg,  Pa March  6,  1902 

Hide,  Charles  Oilman, 

Asst.  Engr.,  Testing  Station,  Spring  Garden  Water- Works, 

Philadelphia,  Pa April    2,1902 

Lilly,  George  Washington, 

Asst.  City  Engr.,  261  East  Eleventh  Ave.,  Columbus,  Ohio.    April    2,  1902 
McDaroh,  Harry  John, 

First  Asst.  City  Engr.,  421  Summers  St.,  Dayton,  Ohio. .    April   2,  1902 
Moore,  Charles  Gtllingham, 

732  Society  for  Savings,  Cleveland,  Ohio March  5,  1902 
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Date  of 
Noble,  Walter  Edwin,  Membership. 

Asst.   Engr. ,  Reservoir  Comm.,  City  Hall,  Fall  River, 

Mass April    2,  1902 

Bags,  John  Marble, 

Box  199,  Santiago  de  Cuba,  Cuba March  5,  1902 

Right*,  Lewis  Daniel, 

Engr.,  Berlin  Plant,  American  Bridge  Co.,  East  Berlin, 

Conn  March  5,  1902 

Rommel,  Geoboe,  Jr.,  j  Jan.  Jan.     3,  1899 

233  Broome  St.,  Wilmington,  Del (  Assoc.  M.    March  5,  1902 

SOHNEIDEB,    HERMAN, 

Instr.,  Dept.  of  Civ.  Eng.,  Lehigh  Univ.,  South  Bethle- 
hem, Pa April    2,  1902 

8TEYENB,  Pehlet  Eobbbt,  j  Jan.  April    6,  1897 

1810  Diamond  St.,  Philadelphia,  Pa |  Assoc.  M.    April   2,  1902 

Wiogin,  Thomas  Hollib, 

Asst.  Engr.,  New  York  Continental  Jewell  Filtration  Co., 
Hudson  and  Sussex  Sts.,  Jersey  City,  N.  J April    2,  1902 

JUNI0B8. 

Lee,  Geoboe  William, 

Care,  Sundstrom  <fe   Stratton,  Contrs.,  143  Liberty  St., 
New  York  City March  4,  1902 

CHANGES  OP  ADDRESS. 

MEMBERS. 

Amweo,  Frederick  James Engr.    and   Mgr.,    Hawaiian    Eng.    & 

Constr.  Co.,  Ltd.,  Honolulu,  H.  L 
Abentz,  Frederick  Christian  HoLBEBO.Chf.  Engr. ,  The  Joliet  Bridge  &  Iron  Co. , 

821  Oneida  St.,  Joliet,  111. 

vBabb,  Jacob  Nejt Mech.  Supt.,  Erie  B.  B.,  Meadville,  Pa. 

Blackwell,  Charles Mount  Lookout,  Station  C,  Cincinnati, 

Ohio. 
Boocre,  Edward  Marshall Chf.  Engr.,  Oakland  Transit,  Oakland, 

Cal. 
Bbendlinoeb,  Peter  Franklin Engr.  and  Contr.,  Boom  1007,  Arcade 

Bldg.,  Philadelphia  (Res.,  Narberth), 

Pa. 

Browne,  Geoboe  Hamilton Poindexter,  Louisa  County,  Va. 

Bbunneb,  John Asst.  Gen.  Supt.,  North  Works,  Illinois 

Steel  Co.,  60  Wabansia  Aye.,  Chicago 

(Res.,  1732  Chicago  Ave.,  Evanston), 

111. 

Butler,  Matthew  Joseph Charlottetown,  P.  E.  I.,  Canada. 

Claussen,  Oscar ^ Cons.  Engr.,  Boom  16,  Natl  Ger.  Am. 

Bank  Bldg.,  St.  Paul,  Minn. 
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Copvtn,  Thomas  Amoby Engr.  and  Contr.,  45  Broadway,  New 

York  City. 

Dabnbt,  Augustine  Lee Civ.,  Hydr.  and  San.  Engr.,  542  Ran- 
dolph Bldg.,  Memphis,  Tenn. 

Fbye,  Albebt  Ibwtn 426  Jefferson  Ave.,  Elizabeth,  N.  J. 

Goldmabk,  Henbt Chf.  Engr's.  Office,  C.  P.  By.  Co.,  Mon- 
treal, Que.,  Canada. 

Haioht,  Stephen  Samuel. Civ.  Engr.  and  City  Surv.,  2016  Boston 

Road,   West  Farms  8q.,   New  York 
City. 

Habboun,  Philip  Exbuby Hydr.  and  Irrig.  Engr.,  Berkeley,  Cal. 

Hbndbiox,  Calvin  Wheelbb Engr.  of  Sewer  Div.,  Bapid  Transit  B. 

B.  Comm.,    13  Astor  PI.  (Bee.,  73 
Fifth  Ave.),  New  York  City. 

Hill,  Geoboe Cons.  Engr.,  100  Broadway,  Boom  7, 

New  York  City. 

Httchoock,  Fbedebzos  Collamobe...  .Care,  Geo.  S.  Good  &  Co.,  Tucumcari, 

N.  Mex. 

Hudson,  John  Boobbs 2937  Olive  St.,  St  Louis,  Mo. 

Landob,  Edwabd  John Contr.  Engr.,  209   High   St.,  Canton, 

Ohio. 

Lea,  Samuel  Hill 100  William  St  (Bes.,  Hotel  Wellington, 

Seventh  Ave.,   near  55th  St.),  New 
York  City. 

MoCabty,  Bighabd  Justin 3820  Warwick  Boulevard,  Kansas  City, 

Mo. 

Moban,  Daniel  Edwabd    35  Nassau  St.,  New  York  City. 

Mobbison,  Henbt  Pbentice Broadway  and  Forest  Ave.,  West  New 

Brighton,  N.  Y. 

Mobsb,  Chablbs  Adelbbbt Prin.  Asst.  Engr.,  A.,  T.  &  S.  F.  By. 

Co.,  La  Junta,  Colo. 

Noble,  Altbed 20  West  34th  St.,  New  York  City. 

Nobton,  Albebt  Gbay Div.  Engr.,  Wheeling  Div.,  B.  &  O.  B. 

B.,  Wheeling,  W.  Va. 

Pabxbb,  Maubicb  Stilbs P.  O.  Box  96,  Jaoksboro,  Tex. 

Pbindle,  Fbanbxin  Cogswell Civ.  Engr.,  U.  S.  N.  (retired),  1714  Van 

Ness  Ave.,  San  Francisco,  Cal. 

Batmond,  Chablbs  Walxeb Lt.  Col.,   Corps  of  Engrs.,  U.  S.  A., 

Army  Bldg.,  39  Whitehall  St.,  New 
York  City. 

Bxed,  Melville  Emebson Div.  Engr.,  G.  N.  By.,  Boom  2,  Metro- 
politan Blk.,  Seattle,  Wash. 

Russell,  Silas  Bent Cons.  Engr.,  417  Pine  St.,  St.  Louis, 

Mo. 

Smith,  Joseph  Shuteb 5104  Pulaski  Ave.,  Germantown,  Phila- 
delphia, Pa. 

Tatnall,  Geobge 1411  Harrison  St.,  Wilmington,  Del. 

Tuokbb,  Lbsteb  Waldo Bes.  Engr.,  N.  Y.  C.  &  H.  B»  B.  B., 

Albany,  N.  Y. 
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ASSOCIATE  MSMBEB8. 

Babnbs,  Mobttmbb  Gbant U.  8.  Insp.  on  Oonstr.  Work,  Illinois 

&   MissisBippi   Canal,   R.   B.  No.   2, 
Geneseo,  111. 

Basoom,  Habby  Fbanklxn (Lehr  &  Bascom),  7  South  Seventh  St., 

Allentown,  Pa. 

Bell,  Alfbed  Cabboll Brown  Palace  Hotel,  Denver,  Colo. 

Boyd,  James  Chubohilx Asst.    Engr.,   Aroostook    Gonstr.   Co., 

Fort  Kent,  Me. 

Ehlb,  Boyd MoCalls  Ferry,  Pa. 

Jenoxes,  Lawbenoe  Bates 1038  Murray  Hill  Ave.,  Pittsburg,  Pa. 

Mobbow,  Jay  Johnson Gapt. ,  Corps  of  Engrs.,  U.  S.  A.,  Zam- 

boanga,    Mindanao,    Philippine    Is- 
lands. 

Moses,  John  Cbanoh Care,  Boston  Bridge  Works,  East  Cam- 
bridge, Mass. 

O'Bbxbn,  Joseph  Henby Asst.  Engr.  to  Terminal  Engr.,  N.  Y.  C. 

&  H.  B.  B.  B.,  23  East  48th  St,  New- 
York  City. 

Pollock,  Clabence  DuBois Bureau  of  Highways,  Dept.  of  Public 

Works,  Municipal  Bldg.,  Brooklyn, 
N.  Y. 

Pbutn,  Francis  Lansing 2120  Park  Bow  Bldg.,  New  York  City. 

Smith,  Chables  William Care,  J.  F.  O'Bourke,  Park  Bow  Bldg.,. 

New  York  City. 

Steabns,  Edwabd  Bubnham Contr.  Mgr.,  American  Bridge  Co.,  89 

State  St.,  Boston,  Mass. 

Stewabd,  Spenceb  Jambs Eagle  Hotel,  New  Berlin,  N.  Y. 

Txlden,  Chables  Joseph Care,  Harvard  Club,  27  West  44th  St.* 

New  York  City. 

ASSOCIATE. 

Gbaham,  William  Woodman Care,  American  Bank,  Durango,  Mexico. 

JUNIOBS. 

Cleaves,  Pitson  Jay Broadway  and  Oak  St.,  Morris  Park, 

Long  Island,  N.  Y. 

Flynn,  Benjamin  Habbison 102  Wilson  Ave,  Columbus,  Ohio. 

Ibvino,  Walteb  Edwabd Engr.  and  Contr.,  1135  Broadway,  New 

York  City. 

Kline,  Viotob  Witmeb Look  Box  53,  Crafton,  Pa. 

Pabkeb,  Chables  Fbedebio Care,  Cia.  Minera  de  Peuoles,  Mapimi 

Coah,  Mexico. 
Ttbbell,  Wabben  Aybes Care,  Maule,  Hannah  &  Co. ,  Chemical 

Bldg.,  St.  Louis,  Mo. 
Wadswobth,  Geoboe  Beed .Boom  521,  Grand  Central  Station,  New 

York  City. 
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Welton,  Benjamin  Franklin Care,  Phoenix  Bridge  Co.,  PhoBnixville, 

Pa. 
Wiloox,  Olabk  Luzzbnb Care,  Waring,   Chapman  &  Farquhar, 

874  Broadway,  New  York  City. 

DEATHS. 

Chsnet,  Nathaniel Elected  Fellow  Jane  21st,  1870;  died 

June  29th,  1901. 
Del  Monte,  Emltjo Elected  Member  Dec.  4th,  1895;  died 

March  20th,  1902. 
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MONTHLY  LIST  OP  RECENT  ENGINEERING  ARTICLES  OP 
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In  the  subjoined  list  of  articles  references  are  given  by  the  number  pre- 
fixed to  each  journal  in  this  list. 


(i)  Journal.  Assoc.  Eng.  8oc.,  267  South 
Fourth  8t.,  Philadelphia,  Pa.,  80c. 

(a)  Proceeding*,  Em.  Club  of  Phlla.,  1128 
Qirard  St.,  Philadelphia,  Fa. 

(3)  Journal,  Franklin   Inst.,   Philadel- 

phia, Pa.,  60c. 

(4)  Journal,  Western  Soc.  of  Eng.,  Mo- 

nadnock  Block,  Chicago,  111. 

(5)  Transactions,  Can.  Soc.  C.  E.,  Mon- 

treal, One.,  Can. 

(6)  Softool  of  Mines  Quarterly,  Columbia 

Univ.,  New  York  City,  60c. 

(7)  Technology  Quarterly,  Mass.    Inst. 

Tech.,  Boston,  Mass.,  76c. 

(8)  Stevens  Institute  Indicator,  Stevens 

Institute,  Hoboken,  N.  J.,  60c. 
(o)  Engineering  Magazine,  New  York 

City,  80c. 
(io)  Gassier^s  Magazine,  New  York  City* 

96c. 
(n)  Engineering  (London),  W.  H.  Wiley, 

New  York  City,  86c. 
(13)  The  Engineer  (London),  International 

News  Co.,  New  York  City,  86c. 

(13)  Engineering  News,  New  York  City, 

16c. 

(14)  The  Engineering  Record,  New  York 

City,  19c. 

(15)  Railroad  Gazette,  New  York  City, 

10c. 

(16)  Engineering  and    Mining  Journal, 

New  York  City,  16c. 

(17)  Street  Railway  Journal,  New  York 

City,  86c. 

(18)  Railway  and  Engineering  Review, 

Chicago,  111. 

1 19)  Scientific  American  Supplement,  "Sew 
York  City,  10c. 

(ao)  Iron  Age,  New  York  City,  10c. 

(a  1)  Railway  Engineer,  London,  Eng- 
land. 

(aa)  Iron  and  Coal  Trades  Review,  Lon- 
don, England. 

(aj)  Bulletin,  American  Iron  and  Steel 
Assoc.,  Philadelphia,  Pa. 

(34)  American  Gas  Light  Journal,  New 
York  City,  10c. 

(as)  American  Engineer,  New  York  City, 
90c. 

f  a6)  Electrical  Review,  London.  England. 

\vj)  Electrical  World  and  Engineer,  New 
York  City,  10c. 

(a8)  Journal,  Hew  England  Water- Works 
Assoc.,  Boston,  76c. 


\Ul 


(ao)  Journal,  Society  of  Arts,  London 
England. 

(30)  Annates  des    Travaux  Publics  de 

Belgique,  Brussels,  Belgium. 

(31)  Annates  de  V  Assoc,  des  Ing.  Sortis 

des  Ecdle  Spsciales  de  Gand,  Brus- 
sels, Belgium. 
(3a)  Memoires  et  Compte  Rendu  des  Tra- 
vaux, Soc.   Ing.   Civ.  de  France, 
Paris,  France. 

(33)  Le  Genie  CivtJ,  Paris,  France. 

(34)  PortefeuiUe    Economique   des   Ma- 

chines,  Paris,  France. 
(33)  Nouvelles  Annates  de  la  Construc- 
tion. Paris,  France. 
(36)  La  Revue  Technique,  Paris,  France. 
Revue  de  Mecanique,  Paris,  France. 
Revue  Genirale  des  Chemins  de  Fer 
et  des  Tramways,  Paris,  France. 
(30)  Railway  Master  Mechanic,  Chicago, 
III. 

!40)  Railway  Age,  Chicago,  111.,  10c. 
41)   Modern  Machinery ,  Chicago.  111. ,  10c. 
4a)  Transactions,  Am.  Inst.  Elec.  Eng., 
New  York  City,  60c. 

(43)  Annates   des   Ponts   et   Chauss&es, 

Paris.  France. 

(44)  Journal,    Military  Service   Institu- 

tion, Governor's  Island,  New  York 
Harbor,  76c. 
(43)  Mines  and  Minerals,  Scranton,  Pa., 
20c. 

(46)  Scientific  American,  New  York  City, 

10c. 

(47)  Mechanical  Engineer,    Manchester, 

England. 

(58)  Proceedings,  Eng.  Soc.  W.  Fa.,  410 
Penn  Ave.,  Pittsburg. Pa.,  60c. 

(39)  Transactions,  Mining  Institute  of 
Scotland,  London  and  Newcastle- 
upon-Tyne. 

(60)  Municipal    Engineering,    Indianap- 

olis, IncL,  26c. 

(61)  Proceedings,  Western  Railway  Club, 

996  Dearborn  St.,  Chicago,  111.,  96c. 
(6a)  American  Manufacturer  and  Iron 
World,  60  Ninth  St.,  Pittsburg,  Pa. 

(63)  Minutes  of  Proceedings,  Inst.  C.  E., 

London,  England. 

(64)  Power,  New  York  City,  10c. 

(65)  Official  Proceedings,  New  York  Rail- 

road Club,  Brooklyn,  N.  Y.,  15c. 
(65)  Official  Proceedings,  New  York  Rail- 
road Club,  Brooklyn,  N.  Y.,  16c. 
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Bridge. 

Formulas  for  the  Weights  and  Economic  Depths  of  Plate  Girders.    Alfred  Fyson,  M. 

Inst.  C.  £.    (id  Serial  beginning  Mar.  14. 
A  New  Type  of  Concrete-Steel  Arch  Culvert  or  Bridge.*     Daniel  B.  Luten.     (i8> 

Mar.  15. 
The  Inter-provincial  Cantilever  Bridge  at  Ottawa,  Ont.*    ( 18)  Mar.  15. 
Plate  Girder  Webs.    T.  Graham  Gribble,  Assoc.  M.  Inst.  C.  E.    (63)  Mar.  80. 
The  New  Ferry  Bridge  Across  the  Ship  Canal  at  Duluth,  Minn.*    W.  B.  Patton.    (13) 

Mar.  80. 
The  Highland  Park  Bridge,  Pittsburg.*    (14)  Mar.  28. 
Iron  and  Steel  Structures.    (From  Committee  Report,  Amer.  Ry.  Eng.  and  M.  of  W. 

Assoc)    (18)  Mar.  88. 
High  Concrete  Piers  for  Railway  Bridge  Across  Stone's  River;  Tennessee  Central  By.* 

(13)  Mar.  87. 
Concrete-Steel  Arch  Y-BrJdge  at  Zanesville,  O.*    (13)  Mar.  27. 
The  Chesapeake  &  Ohio  Railroad  Bridge  at  Richmbnd,  Va.*    (14)  liar.  89. 
Notes  sur  La  Construction  du  Viaduc  du  Viaur  (Ligne  de  Carmaux  a  Rodey).  M.  Thfiry. 

(43)  8«  Trimestre,  1901. 
Conference  sur  r Experimentation  des  Ponts.    M.  Rabut.    (43)  8©  Trimestre,  1901. 

Electrical. 

The  Construction  of  High  Tension  Central  Station  Switch-Glass.  Henry  W.  Clothier, 
A.  M.  I.  C.  E.  (Paper  read  before  Inst,  of  Elec.  Engrs.,  Manchester  Section.)  (26) 
Serial  beginning  Mar.  7. 

Electric  Power  in  the  Manufacture  of  Shale  Oil.    (11)  Mar.  14. 

Frankfort  Electricity  Works.*    (a6>  Mar.  14. 

The  Transmission  System  of  the  Compania  Explotadora  de  San  Ildef onso  of  the  City  of 
Mexico.    (37)  Serial  beginning  Mar.  15. 

Efficiencies  of  Electric  Cranes.    (47)  Mar.  15. 

-Electric  Furnaces.*  Bertram  Blount.  (Paper  read  before  Manchester  Section,  lust. 
Elec.  Engrs.)    (47)  Mar.  15. 

Wireless  Telegraphy  and  Submarine  Cables.*  E.  Guarini.  (36)  Serial  beginning 
Mar.  81. 

Bristol  Electricity  Works  Extensions.*    (36)  Mar.  81. 

Synchronous  Motor  Stability  and  Overload  Capacity  Curves.  F.  G.  Baum.  (37) 
Mar.  89. 

Modern  Electric  Hoists  and  Cranes  for  Steel  Works.*    Dr.  A.  Krebs.    (27)  liar.  89. 

High  Tension  Electric  Power  Transmission.*    George  H.  Gibson,    (o)  Apr. 

Electric  Energy  Direct  from  Coal.    J.  Wright.    (10)  Apr. 

Electric  Storage  Batteries.    Arvid  Reuterdahl.    (10)  Apr. 

Parallel  Operation  of  Alternators.    Paul  M.  Lincoln.    (3)  Apr. 

Electrochemical  Polarization.    G.  J.  Reed.    (3)  Apr. 

A  New  Telephone  Exchange  in  London.*    (37)  Apr.  5. 

The  Telephone  in  Wireless  Telegraphy.*    Emile  Guarini.    (37)  Serial  beginning  Apr.  5. 

Wireless  Telephony.*    A.  Frederick  Collins.    (37J  Apr.  5. 

The  Acker  Electrolytic  Alkali  Process.*    Clinton  Paul  Townsend.    (37)  Apr.  5. 

The  Independent  Telephone  Movement  in  Philadelphia.*    (37)  Apr.  5. 

Lee  Secteurs  de  Distribution  d'filectricite  a  Paris.  Charles  Marquet.  (33)  Serial  begin- 
ning Mar.  28. 

Marine. 

Repairs  to  the  Battleship  Oregon  at  the  Puget  Sound  Navy  Yard.*    (13)  Mar.  18. 

The  Straining  Actions  on  the  Different  Parts  of  a  Crankshaft,  Illustrated  by  an  Actual 

Case  of  a  Four-Cranked  Marine  Shaft.    S.  Dunkerley.    (Paper  read  before  the  List. 

of  Naval  Archts. )    (11)  Mar.  18. 
Torpedo-Boat  Destroyers.    S.  W.  Barnaby.    (11)  Mar.  81. 
Pumping  Plant  of  the  Skinner  Dry  Dock,  Baltimore,  Md.*    ( 14)  Mar.  88. 
Recent  Scientific  Developments  and  the  Future  of  Naval  warfare.    William  Laird 

Clowes.    (11)  Mar.  88. 
Improvements  in  Propeller  Shaft  Bearings.*    A.  Scott  Younger.    ( is)  Mar.  88. 
Engines  for  United  States  Battleships.*    (13)  Serial  beginning  Mar.  88. 
On  Liquid  Fuel  for  Ships.    Sir  Forcesque  Flannery.    (Paper  read  before  the  Inst,  of 

Naval  Archts. )    (11)  Mar.  88;  ( 47 )  Mar.  89. 
Battleships  of  the  United  States  Navy.*    H.  G.  Gillmor.    (10)  Apr. 
Turbine  Engines  for  Passenger  Ships— Notes  on  the  King  Edieard*    (19)  Apr.  5. 
The  New  Bermuda  Floating  Dock.*    H.  J.  Stepstone.    (46)  Apr.  5. 

Mechanical. 

The  Second  Report  of  the  Boiler  Committee.    (13)  Mar.  7. 

High-Speed  Centrifugal  Fans  and  Pumps.    (13)  Mar.  7. 

Rapid  Steam  Raising.    (47)  Mar.  8. 

The  Morrin  Patent 4 '  Climax ' '  Steam  Boiler.  *    (11)  Mar.  14. 

The  Power  Lighting  and  Heating  Plant  of  the  University  of  Chicago.*    (14)  Mar.  15. 

Notes  on  the  Construction  and  Operation  of  Cooling  Towers.*    J.  R.  Bibbins.    (13)  Mar. 

The  Loomis  Gas  Plant.*    (33)  Mar.  81. 


*  Illustrated. 
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Mechanical— (Continued). 

The  Bilgram  Bevel-Gear  Planer.*    (n)  Mar.  21. 

The  Bank!  Oil  Engine.*    Bryan  Donkin.    (is)  Mar.  21. 

The  Lubrication  and  Formation  of  Surfaces  for  Bearings.*    John  Dewranoe,  M.  Inst.  C. 

E.    (47)  Mar.  22. 
Producer  Gas  and  Its  Use  In  Engineering  and  Shipbuilding.    F.  J.  Rowan.    (47)  Serial 

beginning  liar.  22. 
Some  Details  in  the  Operation  of  a  Water  Gas  Plant    Charles  F.  Leonard.    (34)  Mar. 

24. 
The  Theory  of  the  Incandescent  Mantle.    A.  H.  White,  H.  Bussell  and  A.  F.  Trever. 

(Paper  read  before  Mich.  Gas  Assoc.)    (24)  Mar.  24. 
The-Bolling  of  Sections  in  Iron  and  Steel.*    Adolph  S.  While.    (ao)  Mar.  27. 
Coal  and  Ash  Conveying  Gear.    B.  A.  Chattock,  M.  I.  E.  E.    (aa)  Mar.  28. 
Fencing  of  Steam  and  Gas  Engines.*    Henry  D.  Marshall.    (Paper  read  before  the  Inst. 

of  Mech.  Engrs.)    (aa)  Mar.  28. 
Protection  of  Lift-Shafts  and  Safety  Devices  in  Connection  with  Lift-Doors  and  Con- 
trolling Gear.*    Henry  C.  Walker.    (Paper  read  before  the  Inst,  of  Mech.  Engrs.) 

(11)  Mar.  28. 
Modern  Practice  in  Boiler-Making  Shops.*    Egbert  P.  Watson,    (o)  Apr. 
Waste  Heat  Engines:  Results  of  Recent  Binary  Engine  Trials.   George  H.  Barrus.    (10) 

Apr. 
Hardness,  or  the  Workability  of  Metal.*    (41)  Apr. 

The  Acme  Automatic  Nut  Tapping  and  Bolt  Cutting  Machines.*    (ao)  Apr.  8. 
The  Mechanical  Plant  of  the  Collmgwood  Apartment  Hotel,  New  York.*    (14)  Apr.  5. 
Voitures  Automobiles;  Systeme  Eldln  et  Lazier.    Paul  Sarrey.    (34)  liar. 
Les  Progres  de  l'Aeronautique.*    G.  Espitaluer.    (33)  liar.  1. 
Moteur  a  Gas  Westinghouse.*    Jean  Loubat.    (36)  Mar.  10. 

Metallurgical. 

Foundry  Economy.    Richard  Moldenke.    (6a)  Mar.  18;  (13)  Mar.  20. 

On  Electric  Lifts  for  Blast  Furnace  Bell-tops.*    F.  Janssen.    (aa)  Mar.  14. 

The  Improvements  of  the  Crucible  Steel  Company  of  America.*    (ao)  Mar.  20. 

The  Utilisation  of  Small  Ores.    H.  Bumby.    (aa)  Mar.  21. 

Cyanlding  in  the  Telluride  District.*    J.  Ralston  Bell.    (43)  Apr. 

A  825-Ton  Hot-Metal  Mixer.*    Arthur  C.  Johnston.    (13)  Apr.  8. 

Military. 

Range-Finders.*    George  Forbes.    (10)  Mar.  22. 

United  States  Ordnance  Factories.*    waldon  Fawcett.    (41)  Apr. 

Mining. 

The  Iron  Resources  of  Texas.    Wm.  B.  Phillips.    (38)  Mar. 

The  Coal  Resources  of  India  and  Their  Development.    Wyndham  R.  Dunstan.    (ao) 

Mar.  21. 
Electric  Haulage  in  Coal  Mines.*    W.  B.  Clarke.    (27)  Mar.  29. 


Mine  Fire  in  the  Pittsburg  Region.    James  Blick.    (Paper  read  before  the  Central  Min. 

Inst,  of  West.  Penna.)    (43)  Apr. 
The  Production  of  Zinc  Ore  in  the  United  States  *    Walter  Benton  Ingalls.    (16)  Apr.  6. 


Inst,  of  West.  Penna.)    (43)  Apr. 

1  Production  of  Zinc  Ore  in  the  United  States  *    Walter  Benton  Ingalls.    (16)  i 
Modifications  aux  Precedes  Employes  pour  la  Congelation  des  Terres.    A.  Gobert.    (30) 


Feb. 

Estacade  pour  les  Depots  de  Charbon  aux  Mines  de  Dombrau  (Moravie).*    H.  Schmer- 
ber.    (33)  Mar.  1. 

Miscellaneous. 

Description  and  Theory  of  Coradi's  Rolling  Ball  Planimeter.*    J.  W.  Beardsley.    (1) 

Feb. 
Titles  and  Ranks  of  Engineers  of  the  Metropolitan  Water  and  Sewerage  Board,  Boston. 

A.  D.  Fllnn.    (14)  Mar.  22. 
Public  Works  Administration.    John  A.  Fairlle.    (60)  Apr. 

Municipal. 

Economical  Methods  of  Road  Improvement  in  the  South.    Chas.  H.  Scott.  '  (13)  Mar.  27. 
Methods  of  Reducing  the  Cost  of  Contractors*  Work  on  Road  Construction.    Halbert 
Powers  Gillette.    (13)  Mar.  27. 

Railroad. 

Tonnage  Rating  of  Locomotives.    W.  M.  Ray.    (1)  Feb. 

Locomotive  Brake  Shoes,    w.  H.  Stocks.    (01 )  Feb. 

Best  Methods  in  Shop  Practice  in  Meeting  the  Requirements  for  the  Maintenance  of  All- 

Steel  Cars:  Probable  Future  Shop  Changes  Necessary.*    W.  8.  Morris.    (63)  Feb. 
Time  Lock  to  Prevent  Derailments  at  Interlocked  Grade  Crossings.*    ( 13)  Mar.  18. 
The  Combined  Straight  Air  and  Automatic  Engine  and  Tender  Brake.*    F.  B.  Farmer. 

( Paper  presented  before  the  Northwest  Ry.  Club.)    (40)  Mar.  14. 
Freight  Yards  of  the  Chicago  Transfer  &  Clearing  Co.*    (13)  Mar.  14. 
Limits  of  Capacity  of  Single  Track.    (18)  Mar.  15. 
Coaling  Stations  for  the  Chicago  &  Alton.*    (18)  Mar.  15. 

*  Illustrated. 
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Railroad— (Continued) . 

Ro well-Potter  Safety  Stop  and  Block  Signal*  on  the  C,  M.  A  St.  P.  By.*    (18)  Mar.  16. 
New  York  Central's  Current  Engineering.*    (40)  Mar.  21. 
Railroad  and  Trade  Improvement  on  the  Chicago  A  Alton.*    (40)  Mar.  91. 
A  Model  Terminal  Station:  The  Mechanical  and  Electrical  Equipment  of  the  New  Ter- 
minal Station  of  the  Pittsburg  A  Lake  Erie  at  Pittsburg.  Pa.*    (40)  Mar.  21. 
Water  and  Coal  Supply  on  the  Chicago  A  Alton.*    (40)  Mar.  21. 
Yards  and  Terminals.*    (From  Committee  Report  of  the  Amer.  By.  Bng.  and  M.  of  W 

Assoc.)    (18)  Mar.  22. 
Balls.    (From  Committee  Report,  Amer.  Ry.  Eng.  and  M.  of  W.  Assoc.)    (18)  Mar.  22. 
Buildings.     (From  Committee  Report,  Amer.  Ry.  Eng.  and  M.  of  W.  Assoc.)    (18) 

Mar.  22. 
Switching  Engine  for  the  Kansas  City  Belt.*    (40)  Mar.  28. 
Oregon  Short  Line  Shops  at  Pocatello,  Idaho.*    (40)  Mar.  28. 

Heavy  Double-End  Suburban  Locomotive  for  the  New  York  Central.*    (15)  Mar.  28. 
80  000- Lbs.  Box  Car,  Illinois  Central  R.  R.*    (18)  Mar.  29. 
Improvement  of  Grades  and  Alignment.    (Committee  Report  to  Amer.  Ry.  Eng.  and  M. 

of  W.Assoc.)    (18)  Mar.  J». 
Vanderbllt  60-Ton  Hopper  Coal  Car,  West  Virginia  Central  A  Pittsburgh  Railway.*  (35) 

Apr. 
New  Shops  at  Du  Bois,  Pennsylvania;  Buffalo,  Rochester  and  Pittsburgh  Railway,    (as) 

Apr. 
Comparative  Tests  of  Oil-Burning  Locomotives,  Southern  Pacific  Railway,    (as)  Apr. 
Curve  Resistance  Tests  at  West  Alton,  Mo.    Max  H.  Wickhorst.    (as)  Apr. 
Heavy  6-Coupled  Suburban  Locomotive,  New  York  Central  A  Hudson  River  Railroad.* 

(as)  Apr. 
"  Lake  Shore  "  Type  Tandem  Compound  Locomotive,  Chicago  Great  Western  Railway.* 

(as)  Apr. 
The  Water  Question  (for  Locomotives),    (as)  Serial  beginning  Apr. 
Combination  Concrete  and  S^eel  Railway  Ties.*    (13)  Apr.  8. 
Prairie  Type  Compound  Freight  Locomotives  for  the  Atchison,  Topeka  A  Santa  Fe.* 

(40)  Apr.  4. 
Elasticity  In  Draft  Gear.    (Abstract  of  paper  presented  by  R.  A.  Parke  before  the  Ry. 

Club  of  Pittsburg.)    ( is )  Apr.  4. 
The  Extension  of  the  Orleans  Railroad  in  Paris  *    (14)  Apr.  6. 
Wide-Firebox  Consolidation  Locomotive,  Norfolk  A  Western  Ry.*    (18)  Apr.  6. 
Chilled  Cast  Iron  Car  Wheels.    C.  H.  Yannier.    (18)  Serial  beginning  Apr.  6. 
Locomotive  Compound  Express  dee  Chemins  de  fer  de  TAdriauque.*    F.  Barbier.    (33) 

Mar.  8. 

Railroad,  Street. 

The  Power  Station  of  the  Manhattan  Railway,  New  York.*    (ao)  Mar.  18. 

Tube  Railways  and  Vibration.    (1a)  Mar.  14. 

Traction  by  Overhead  Motor  Trolley.*    ( 1a)  Mar.  14. 

The  Electric  Problem  of  Railways.  J.  Swinburne  (Paper  read  before  Inst,  of  Elec. 
Engrs  ).    (11)  Serial  beginning  Mar.  4. 

Recent  Electric  Tramway  Practice.  P.  T.  J.  Estler,  A.  M.  I.  C.  E.  (47)  Serial  begin- 
ning Mar.  16. 

The  Grand  Rapids,  Holland  A  Lake  Michigan  Rapid  Railway.*  (Abstract  of  paper  read 
before  the  Chicago  Elec.  Assoc.)    (17)  Mar.  15;  (18)  Mar.  15. 

Electric  Traction:  London's  Tubes,  Trams  and  Trains,  1909.  J.  Clifton  Robinson,  Assoc. 
Inst.  C.  E.    (ao)  Mar.  21. 

Some  Points  in  the  Equipment  of  Electric  Tram  Cars.  W.  G.  Rhodes.  (Abstract  of 
paper  read  before  the  Manchester  Section,  Inst.  Elec.  Engrs.).    (47}  Mar.  22. 

Construction  and  Operation  of  an  Electric  Interurban  Railway.*    ( 13)  Mar.  27. 

Power  Plants  of  the  St.  Louis  Transit  Co.*    ( 13)  Apr.  8. 

The  Brockton  A  Plymouth  Street  Railway.*    ( 17)  Apr.  6. 

Block  Signals  on  Heavy  Electric  Railroads.*    (17)  Apr.  6. 


Wheel  Sections.*    (17)  Apr.  5. 

The  Worcester  Consolidated  Street  Ball  way  Company.*    (17)  Apr  5. 

An  Analysis  of  Street  Railway  Operations  in  Germany.    wilhelm  Mattersdorff.    (I7) 


Apr.  5. 
Notice  sur  le  Chemin  de  Fer  Electrique  du  Fayet  a  Chamonix  et  a  la  Frontiere  Suisse.* 

M.  Geoffroy.    (43)  8e  Trimestre,  1901. 
Nouvelle  Application  des  Plates-Formes  Roulantes  Souterraines  a  Traction  Electrique 

pour  le  Transport  en  Commundes  Voyageurs  dans  Paris.    D.  A.  Casalonga.    (3a) 
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Les  Chemins  de  Fer  Electriques  a  Tres  Grandes  Vitesses.    Experimented  Actuellement 

en  Allexnagne.    (38)  Mar. 
Chemin  de  Fer  Metropolitains  de  Berlin.*     Bene  Philippe.     (33)   Serial  beginning 

Mar.  15. 

Sanitary. 
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A  Discussion  on  Water  Rates.    (14)  Mar.  15. 

Turbines  and  the  Effective  Utilisation  of  Water-Power .*  Alex.  Rea.    (47)  Mar.  88. 
The  Elgin  Water  Power  Decision.    (14)  Mar.  89. 
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_  me.*    M.  de  la 
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Waterways. 

Tidal  Scour  in  Harbors,  or  the  Function  of  Tidal  Basins,  with  Special  Reference  to  the 

Harbor  of  Boston.    Joseph  P.  FrizeU.    (1)  Feb. 
Sound  Signals.    E.  Price-Edwards,    (ao)  Mar.  7. 

Terminsi  Improvements  of  the  Plant  System  at  Port  Tampa,  Fla.*    (18)  Mar.  15. 
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The  Reports  of  the  Isthmian-Canal  Commission.    John  Geo.  Leigh.    (9)  Apr. 
Single  Curved  vs.  Double  Straight  Jetties:   An  Application  of  Natural  Laws  to  the 

Removal  of  Bars.    Lewis  M.  Haupt.    (3)  Apr. 
Amelioration  de  la  Navigability  de  la  Riviere  Whampou  par  la  Suppression  de  la  Barrede 

Woosung.    (33)  Jan. 
Notice  sur  lee  Travaux  Executes  aux  Ports  de  Genes  et  de  Venise.*    G.  B.  Antonelll. 

(30)  Feb. 
Nouvelle  Drague  Aspiratrice  Porteuse.*    Jean  Loubat.    (36)  Mar.  86. 
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A  PROPOSED  NEW  TYPE  OF  MASONRY  DAM. 


By  George  L.  Dillman,  M.  Am.  Soc.  C.  E. 
To  be  Presented  June  4th,  1902. 


Strains  in  masonry  dams  have  been  analyzed  by  many  investigators, 
so  that  definite  requirements  must  be  fulfilled  before  any  proposed 
plan  will  receive  consideration  by  the  engineering  profession.  These 
may  be  stated  briefly  as  follows  : 

1. — The  dam  must  not  overturn. 

2. — The  dam  must  not  sustain  an  intensity  of  pressure  beyond  a 
safe  and  known  limit. 

3. — The  dam  mast  not  slide  on  its  base. 

4. — No  possible  condition  must  develop  tension  in  any  part  of  the 
masonry. 

It  is  the  purpose  of  this  article  to  suggest  a  new  type  of  dam, 
according  to  these  requirements,  so  far  as  they  are  reasonable,  which 
will  contain  less  masonry,  for  the  same  factors  of  safety,  than  any  of 
the  recognized  "  standard  types." 

The  theory  on  which  all  investigators,  from  Sazilly  to  Wegmann, 
have  based  their  profile  sections  is  that,  the  stability  of  one  section 
being  proven,  a  uniform  construction  to  that  section  would  insure  the 
stability  of  the  whole.     While  this  is  unquestionably  true,  it  does  not 


Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion 
Correspondence  is  Invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.    Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers,  with  discussion 
in  full,  will  be  published  in  Transactions. 
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follow  that  uniformity  of  section  is  necessary  to  stability.  The 
writer  will  strive  to  show  in  this  article  that  a  more  stable  and 
economical  dam  can  be  built  in  the  form  of  a  buttressed  wall, 
properly  proportioned  ;  or,  the  proposed  type  can  be  considered  as  a 
series  of  short,  arched  dams  between  piers  shaped  so  as  to  be 
economical  of  material,  and  with  sufficient  factors  of  safety. 

There  is  a  principle  in  hydraulic  construction  which  is  too  fre- 
quently ignored.  It  is,  to  construct  one  water-tight  surface  and  build 
the  remainder  of  the  structure  to  support  that  surface.  The  attempt  to 
stop  leakage  that  has  gotten  through  such  a  surface  is  frequently  a  cause 
of  failure.  If  there  is  leakage  or  seepage  through  the  upper  face  of  a 
dam  of  any  of  the  standard  types,  the  formulas  for  stability  are 
founded  on  error.  The  upper  face  must  be  tight,  or  the  computed 
line  of  pressure,  when  the  reservoir  is  full,  is  wrong.  John  D.  Van 
Buren,  M.  Am.  Soc.  G.  E..  recognized  that  seepage  under  the  founda- 
tion would  also  upset  the  calculations  of  the  analysts  of  the  "  standard 
type  "  dams,  but  proposed  as  a  remedy  another  uniform-section  type, 
very  much  heavier  than  any  of  them.* 

While  these  criticisms  also  apply  to  the  proposed  type,  the  com- 
paratively thin  parts  allow  this  seepage  through  the  upper  face  to 
escape  before  penetration  beyond  a  known  point  in  the  masonry,  and 
the  seepage  under  the  foundation  can  escape  between  the  buttresses 
without  exerting  a  dangerous  upward  pressure  on  the  base.  In  either 
case,  the  point  of  leakage  can  be  more  easily  located. 

The  writer  does  not  want  to  be  understood  as  advocating  leaky 
dams;  but,  as  most  of  the  dams  in  the  world  are  leaky,  the  possibility 
of  leaks  should  not  be  neglected,  and  their  possible  effects  should  be 
reckoned  with. 

Infinite  variety  may  result  in  the  application  of  these  principles. 
One  computation  will  be  made  here  to  show  the  method  and  the  sim- 
plicity of  the  mathematics  involved.  The  solution  of  no  equations 
above  simple  ones  is  necessary.  The  portions  between  buttresses  will 
be  made  parabolic  in  horizontal  section,  which  will  avoid  all  re-entrant 
angles,  introduce  the  strongest  arch  to  support  the  greatest  pressure, 
and,  finally,  be  easier  of  computation  than  any  other  form  known  to 
the  writer.  The  crest  will  be  made  one-tenth  of  the  height,  to  agree 
with  the  crests  of  "  standard  types,"  approximately.     The  up-stream 
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face  will  be  vertical,  though  no  more  intricate  mathematics  is  involved 
by  giving  it  a  batter.  The  line  of  the  arch  vertices  will  be  vertical, 
though  a  batter  to  this  and  the  tip- stream  face  would  result  in  addi- 
tional economy  of  material.  The  profile  of  the  buttress  faces  will  be 
1  to  1,  or  45°.  The  width  of  the  buttresses  at  the  face  will  be  battered 
uniformly  from  the  crest,  the  amount  of  batter  being  a  matter  of  com- 
putation. 

Deduction  of  Fobmtjlas. 

Let  w  =  length  of  one  section  of  the  dam,  from  center  to  center  of 

buttresses ; 

Let  y  =  depth  from  crest,  or  height  of  dam  ; 

Let  b  =  buttress  batter,  so  that  2  by  =  width  of  buttress.  Consider 
the  buttresses  first  (see  Figs.  1  and  2). 

0  *_ 


section  through  buttress. 
Fig.  1. 


plan  of  buttresses. 
Fig.  2. 


Area  of  Horizontal  Section.  t 

o  1  4  t/ 


Volume  from  Crest. 


8   *  3 

y2 


V=rVAdy  =  ~fydy  +  \bftfdy  =  j£(8  w  +  Sb y) (2) 

Center  of  Gravity  of  Horizontal  Area  from  OF  (see  Fig.  1). 

Take  moments  about  OY.     Let  x  =  the  distance  of  the  center  of 

gravity  from  OY. 

i/3  2  v2 

xA=wyX  I ■  —  ~^y  X  -^  y  (w  —  2by)  =^(w+Sby) 


3y     w  4-  8  b  y 
10     w  +4  by 

Center  of  Gravity  of  Volume  from  OY. 


(3) 


Distance  F  =    C  Axdy  =    /-|  (10  +  4  b  y)  ^  y  x 


w  -\-  Sb  y 


w  4-  46  y 

=  15  fedy  +-£f^  d  y  =  §5  (tt  +  6  hy) 


dy 
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tx«  x               3        w  4-  6by  /iX 

Distance  =  =-X  Q       ,  n  / W 

Now  add  a  face  to  this  pier  or  buttress,  of  uniform  thickness,  y-.     Its 

W  y  y 

volume  is  ~~.    Its  center  of  gravity  is  —^  up  stream  from  0  Y, 

Center  of  Gravity  of  Face  and  Buttress,  Horizontally  from  0  Y. 
Take  moments  about  0  Y. 

This  is  down  stream  from  the  up-stream  toe  a  distance 

lly       9w+40by 
~~  160  *  3  w  +    5  6y  w 

The  weight  of  masonry  is  its  volume  multiplied  by  its  specific 

gravity.     For  purposes  of  comparison,  the  specific  gravity  assumed 

will  be  the  same  as  that  used  by  Edward  Wegmann,*  M.  Am.  Soc.  C. 

E.,  i.  e.y  2|. 

Total  weight     =  ^=^|f-(3  w+&by) (9) 

Water  pressure=  P  =  ^C (10) 

(Both  (9)  and  (10)  are  in  terms  of  cubic  feet  of  water.) 

The  Resultant  of  Forces. — When  the  reservoir  is  full,  the  resultant  of 

forces  is  of  the  form  z  =  m  v  +  c,  where  z  and  v  are  the  usual 

co-ordinates  (except  that  z  is  positive  down-  *  q  rr 

ward),  mis  a  tangent  of  direction  and  is 

W 
equal  to  -p-,   and  c  is  a  constant.       (See     p 

Fig.  3.) 

Whene-?-v  v  -  8  y  (17  w  +  12°  *y>  Tsee 

Equation  (7)],  fio.  8. 

thus,  c  =  sJr-(481  w—  840  by). 

900  ur  *' 

and  the  equation  to  the  resultant  becomes 


*  "  The  Design  and  Construction  of  Dams,  Including  Masonry,  Earth,  Rock-All,  and 
Timber  Structures,  also  the  Principal  Types  of  Movable  Dams."  Fourth  edition,  1899. 
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This  intersects  the  base,  z  =  y,  at 

_y(1257io+2520  by) 

V         1120  (3  10  +  6  6  y)    

This  is  up  stream  from  the  down-stream  toe  a  distance 
=  y  (2108  io +  3080  oy) 

li"20(3i/>  +  5  6yj     


Intensity  of  Prea»>ire. — With  both  dam  and  foundation  rigid,  the 
intensity  of  pressure  at  either  toe  is  the  average  pressure  multiplied 
by  the  fraction  the  numerator  of  which  is  four  times  the  width  of  the 
base  minus  sis  times  the  distance  of  the  center  of  pressure  from  the 
toe,  and  the  denominator  of  which  is  the  width  of  the  base.  In  thin 
case,  it  applies  to  the  up-stream  toe,  but  the  factor  -=-= —  must  be 
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applied  to  the  lower  toe,  because  the  pressure  is  borne  on  a  length  of 
toe  =  2  b  y,  instead  of  to.  The  average  intensity  of  pressure  is  the 
weight  divided  by  the  base,  or 

/ar.  =  ^(3»  +  5  6y) (U) 

When  the  reservoir  is  empty,  the  intensity  of  pressure  at  the  upper 
toe  is 

/^-:=w^(759t(,  +  1412^) (15) 

When  the  reservoir  is  full,  the  intensity  of  pressure  at  the  lower 

toe  is 

1083  w  +  3080  b  y  nfl. 

With  these  formulas,  by  substituting  any  desired  value  for  the 

w 
maximum  intensity  of  pressure,  the  ratio  -j-  can  be  obtained,     w 

should  be  taken  to  make  a  good  proportion  with  the  height  of  the 
structure,  then  b  can  be  calculated.  These  weights  and  pressures  are 
all  given  in  terms  of  cubic  feet  of  water,  so  that  the  maximum  inten- 
sities should  be  in  the  same  units. 

Sliding  on  the  Base. — The  angle  of  the  resultant  with  the  vertical  is 
the  angle  of  friction  necessary  to  stability.  Call  this  angle  a.  Then 
tan.  a  is  the  coefficient  of  friction  necessary  to  prevent  sliding  on  any 

horizontal  base.     Or,  [see  equations  (9),  (10)  and  (11)], 

P  1 

/  =  tan.  a  =  -^^  = (17) 

Explanation  of  Table  No.  1. 

ID 

For  reasons  given  below,  -r  will  be  taken  as  1  000  in  Table  No.  1. 
Equatioa  (2)  gives  the  volume  of  a  buttress.     This,  added  to  the  face, 

^p  is  the  volume  of  the  dam  for  a  length  w,  so  that  the  volume  per 
foot  of  length  will  be 

Column  2  of  Table  No.  1  gives  this. 

Equation  (16)  gives  the  intensity  of  pressure  at  the  lower  toe  when 

the  reservoir  is  full.     When  -=-  is  1 000,  this  becomes,  in  tons  of  2  000 

o 

„       135875  4.886  V     .        .     «  ,  o 

lbs.,  261^6 '  glven  m  Column  3* 

The  formula  for  maximum  intensity  of  pressure  when  the  reser- 
voir is  full  (taken,  so  far,  to  agree  with  Wegmann's  hypothesis),  is 
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only  the  vertical  component  of  that  intensity.  The  actual  pressure 
is  the  weight  multiplied  by  sec.  a  (see  Equation  17),  and  is  borne  on  a. 
base  which  is  the  base  so  far  considered  multiplied  by  cos.  a.  Thus, 
the  intensity  of  pressure  as  above  computed  should  be  multiplied  by 
the  square  of  sec.  a  for  the  actual  intensity  of  pressure.  This  ia 
given  in  Column  4. 

Equation  (15)  gives  the  intensity  of  pressure  at  the  upper  toe  when 

w 
the  reservoir  is  empty.     When  -j-  is  1 000,  this  becomes,  in  tons  of  2  00O 

,,        7  y  (189  750  +  353  y)      ,  .  ,   .      .         .    ^  .  K 

lbs.,  26 136  000 '  which  is  given  in  Column  5. 

The  distance  from  the  lower  toe  to  the  point  on  the  base  cut  by 
the  resultant  of  weight  and  pressure  is  given  by  Equation  (13).     When 

r-  is  1 000,  this  becomes,  in  feet,  ^Wr^^-i — r  »  which  is  given  in. 
b  14U  (olH)  -f-  y) 

Column  6. 

Similarly,  the  horizontal  distance  of  the  upper  toe  from  the  center 

w 
of  gravity  is  given  by  Equation  (8).     When  -j-  =  1 000,  this  becomes, 


in 


M    .    11  y  (225  +  y)      ,  .  ,   .      .        .     _  .  _ 

feet,  -7c?757Ci-7—  r»  which  is  given  in  Column  7. 
20  (600  -f  y) 


TABLE  No.  1. 


w,  in 
feet. 

Volume 

per  foot,  in 

cubic  feet. 

Maximum  Pressure,  in  Tonb 
per  Square  Foot. 

Distance  from  Toe 
to    Center  of 
Pressure. 

Coefficient    of 
friction,  tan.  a. 

Factor 
against 

Multi- 

over- 
turning. 

Full. 

plied  by 
Hec.*  a. 

Empty. 

Full. 

Empty. 

(1) 

(») 

(3) 

(*) 

<*) 

(6) 

<*) 

(«) 

(») 

10 

27.1 

5.82 

8.64 

0.52 

6.24 

2.12 

0.7904 

3.84 

90 

110.2 

5.47 

8.78 

1.05 

12.47 

4.85 

0.7776 

8.84 

80 

262.0 

5.62 

8.91 

1.61 

18.67 

6.68 

0.7668 

8.85 

40 

466.1 

5.76 

9.08 

2.18 

24.85 

9.11 

0.7684 

8.8* 

60 

722.2 

5.91 

9.16 

2.77 

81.00 

11.64 

0.7418 

8.36 

00 

1056.0 

6.08 

9.30 

8.88 

87.14 

14.25 

0.7805 

8.86 

70 

1459.1 

6.20 

9.44 

4.02 

43.26 

16.96 

0.7196 

8.86 

80 

1984.2 

6.85 

9.57 

4.66 

49.85 

19.78 

0.7090 

3.86 

90 

2  484.0 

6.50 

9.69 

5.83 

55.44 

22.60 

0.6987 

8.87 

100 

8111.1 

6.65 

9.80 

6.02 

61.51 

26.68 

0.6888 

8.87 

110 

8  818.2 

8.79 

9.92 

6.72 

67.55 

28.55 

0.6791 

8.87 

120 

4  608.0 

6.94 

10.04 

7.46 

78.59 

81.62 

0.6696 

8.88 

180 

5488.1 

7.09 

10.18 

8.19 

79.61 

84.77 

0.6605 

.      3.88 

140 

6  446.2 

7.28 

10.80 

8.96 

*5.62 

87.98 

0.6516 

8.88 

150 

7  600.0 

7.88 

10.48 

9.73 

91.61 

41.25 

0.6428 

8.89 

160 

8  647.1 

7.58 

10.56 

10.58 

97.59 

44.58 

0.6844 

8.89 

170 

9  890.2 

7.68 

10.69 

11.36 

108.55 

47.96 

0.6262 

3.89 

180 

11232.0 

7.82 

10.81 

12.19 

109.51 

51.40 

0.6181 

8.40 

190 

12  675.1 

7.97 

10.93 

13.02 

115.46 

54.90 

0.6108 

3.40 

200 

14  222.2 

8.12 

11.07 

13.92 

121.89 

58.44 

0.6027 

8.40 
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Column  8  gives  the  coefficient  of  friction  necessary  to  stability. 
See  Equation  (17). 

The  factor  of  safety  against  overturning  is   n  ,  y  .. ,  which, 

'     °  °       P  by  its  arm 

with  these  assumptions,  becomes  3.3367  -f-  0.0034y,  being  always  more 

than  3.33,  and  increasing  slightly  with  the  height  of  the  dam.     This 

is  given  in  Column  9. 

By  permission  of  Mr.  Edward  Wegmann,  some  of  his  figures  will  be 

given  for  comparison.      Where  possible,  his  hypotheses  have  been 

ID 

adopted  with  this  in  view,    -r  has  been  taken  as  1  000  to  agree  with 
his  maximum  intensity  of  pressure  for  a  200- ft.  dam. 

TABLE  No.  2.       . 


50-Foot  Dam. 


Height 

Crest 

Specific  gravity  of  masonry 

volume  per  foot  of  length 

Maximum  pressure,  reservoir  full. . . 
"  u  \         empty 

Coefficient  of  friction  necessary 

Coefficient  against  overturning 


Weomann's 

No.l. 

Proposed  Dam. 

50  ft. 

60  ft 

5  4l 

5  " 

2.88 

2.88 

880.7   cu.  ft. 

722.2  cu.   ft. 

8.68  tons. 

6.01  tons. 

8.67    " 

2.77    " 

0.64 

0.74 

2.00 

8.86 

100-Foot  Dam. 


Height 

Crest 

Specific  gravity  of  masonry 

volume  per  foot  of  length 

Maximum  pressure,  reservoir  full. . . 
"  "  "        empty 

Coefficient  of  friction  necessary 

Coefficient  against  overturning 


WegmaniTs 
No.  2. 


100  ft. 
10  " 
2.88 
8822.7   cu.  ft. 
7.16  tons. 
7.88    " 
0.64 
2.00 


Proposed  Dam. 


100  ft. 
10  " 
2.88 
8111.1   cu.  ft. 
6.66  ton 8 
6.02 
0.69 
8.88 


it 


200uFoor  Dam. 


Height.. » 

Crest 

Specific  gravity  of  masonry 

volume  per  foot  of  length 

Maximum  pressure,  reservoir  full. . . 
"  4i  "         empty 

Coefficient  of  friction  necessary 

Coefficient  against  overturning 


WXOMANN'S 

No.  8. 


200     ft. 
18.74  ft. 
2  88 
16196.1   cu.  ft. 
8.18  tons. 
10.88 
0.56 
8.20 


ti 


Proposed  Dam. 


200  ft. 
20  " 
2.88 
14222.2   cu.  ft. 
8.12  tons. 
18.92    " 
0.60 
8.40 
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This  comparison  is  not  made  in  order  to  criticize  Mr.  Wegmann 
more  than  other,  analysts,  but  because  his  figures  are  reached  after  a 
digest  of  those  of  most  previous  writers,  and  show  points  of  betterment 
over  them.  As  before  stated,  the  criticism  is  aimed  at  the  assumption 
that,  because  a  uniform  construction  to  a  safe  profile  insures  a  safe 
structure,  uniformity  is  either  necessary  or  economical. 

The  quantity  of  masonry  in  this  proposed  type  is  always  less  than 
in  uniform-profile  types. 

The  maximum  intensity  of  pressure  when  the  reservoir  is  full  is 
more  for  low  dams,  less  for  high  dams,  but  never  reaches  the  high 
pressures  of  Mr.  Wegmann' 8  No.  3. 

The  maximum  intensity  of  pressure  when  the  reservoir  is  empty, 
up  to  150  ft.  in  height,  is  less.  Above  that  height,  it  is  more.  The 
vertical  line  from  the  center  of  gravity  falls  always  above  the  middle 
third.  The  writer  has  never  been  able  to  see  the  reason  for  requiring 
it  to  fall  inside  the  middle  third.  It  does  not  fall  dangerously  near  the 
upper  toe.  A  foundation  so  yielding,  or  a  construction  so  flimsy,  that 
a  wall,  braced  on  one  side  with  substantial  buttresses,  which  would 
fail  when  not  subjected  to  side  pressure,  is  hardly  to  be  considered  in 
the  catalogue  of  dam  possibilities. 

The  factor  of  safety  against  overturning  is  greater  in  the  proposed 
type. 
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IMPROVEMENT  OF  THE  BLACK  WARRIOR, 
WARRIOR  AND  TOMBIGBEE  RIVERS, 

IN  ALABAMA. 


By  R.  C.  McCajlla,  M.  Am.  Soc.  C.  E. 
To  be  Presented  September  3d,  1902. 


Genebaij  Characteristics. 

The  Black  Warrior,  Warrior,  and  Tombigbee  Rivers,  together  with 

the  Mobile  River,  form  a  chain  of  rivers  flowing  through  the  center  of 

the  great  Warrior  Goal  Basin,  and    entering    the  Gulf    of  Mexico 

through  Mobile  Bay.     The  Black  Warrior  River  is  formed  by  the 

junction  of  the  Mulberry  and  Locust  Forks.     At  Tuscaloosa  the  name 

changes  to  Warrior.     The  Warrior  flows  into  the  Tombigbee  about 

one  mile  above  Demopolis,  and  the  Tombigbee  and  Alabama  Rivers 

join  and  form  the  Mobile  River  about  45  miles  above  the  City  of 

Mobile.     Fig.  1  is  a  profile  of  these  rivers,  with  the  elevations  of  the 

locks.     Fig.  2,  a  map  of  Alabama,  shows  the  location  of  the  rivers. 

The  total  length  of  these  streams  from  the  junction  of  Mulberry  and 

Locust  Forks  to  Mobile  is  408  miles,  and  the  total  fall  at  low  water  is 

214.5  ft.,  as  shown  in  Table  No.  1. 

N  otb.— These  papers  are  Issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers  with  discussion 
in  full  will  be  published  in  Transactions. 

i 
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Above  Tuscaloosa  the  Black  Warrior  flows  through  a  narrow  gorge 
enclosed  by  steep  hills  and  perpendicular  rock  bluffs.  At  low  water 
there  is  a  succession  of  level  pools  connected  at  frequent  intervals  by 
steep,  shallow,  rock  rapids  varying  in  fall  from  a  few  inches  to  19  ft. 
The  bed  of  the  stream  is  generally  of  hard  sandstone.  Below  Tus- 
caloosa these  streams  flow  through  alluvial  valleys  several  miles  wide, 
and  are  subject  to  overflow  during  floods.  The  bed  is  generally  com- 
posed of  thick  layers  of  sand  and  gravel  underlaid  with  clay  or  soft 
lime-stone.  Occasional  ledges  of  the  latter  rise  nearly  to  the  low-water 
surface,  and  form  reefs  across  the  river,  but  most  of  the  shoals  have 
beds  of  sand  and  gravel,  and  there  is  rarely  more  than  1  ft.  fall 
through  one  shoal. 


PROFILE  OF  MOBILE,  TOMBIGBEE,  WARRIOR  AND  BLACK  WARRIOR  RIVERS. 

Fig.  l. 

The  minimum  discharge  of  the  Black  Warrior  and  Warrior  Rivers 
is  about  150  cu.  ft.  per  second,  and  the  maximum  discharge  about 
150  000  cu.  ft.  per  second.  The  minimum  discharge  of  the  Tombigbee 
River  below  Demopolis  is  about  400  cu.  ft.  per  second,  and  the  maxi- 
mum discharge  probably  approaches  300  000  cu.  ft.  per  second. 
Large  floods  usually  occur  during  the  winter  and  spring,  and  at  rare 
intervals  during  the  summer  and  fall.  They  carry  vast  quantities  of 
drift  wood,  and  sometimes  cause  considerable  loss  of  property.  Smaller 
rises,  which  interfere  with  construction,  but  do  no  other  damage, 
usually  occur  several  times  during  each  low-water  season,  from  June 
to  December.     The  most  rapid  rate  of  rise  ever  recorded  at  Tusca- 
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loosa  was  5  ft.  per  hour  for  4  hours,  after  which  the  rate  gradually 
decreased ;  but  rises  of  2  ft.  per  hour  are  not  uncommon.  The  rate 
of  rise  is  usually  greatest  at  Tuscaloosa,  and  gradually  decreases  below 
that  point.  The  maximum  oscillation  of  the  Black  'Warrior  River 
varies  from  15  to  50  ft.  at  different  points.  The  maximum  oscillation 
of  the  Warrior  and  Tombigbee  Rivers  is  67  ft.  at  Tuscaloosa;  47  ft.  at 
Gray's  Landing,  42  miles  below  Tuscaloosa;  and  70  ft.  at  Demopolis, 
below  which  place  it  gradually  decreases. 

TABLE  No.  1. 


Description. 


Black  Warrior  River,  Forks  to  Tuscaloosa 

Warrior  River,  Tuscaloosa  to  Mouth  of  War- 
rior   

Tombigbee  River,  Mouth  of  Warrior  to  Mouth 
of  Tombigbee 

Mobile  River,  Mouth  of  Tombigbee  to  City  of 
Mobile 

Totals  and  average 


Fall,  in 
feet. 


128.5 

58.5 

87.5 

0.0 

214.5 


Average  low- 

*  water  slope, 

in  feet  per 

mile. 


2.76 
0.45 
0.15 
0.00 


0.5* 


Previous  to  Improvement. 

The  Mobile  River  is  tidal,  aud  has  ample  depth  for  river  naviga- 
tion without  improvement.  Previous  to  improvement  the  Tombigbee 
River  was  navigable  for  light-draft  steamboats  to  Demopolis  about 
9  months  per  annum,  and  the  Warrior  River  to  Tuscaloosa  about 
4  months  per  annum.  Tuscaloosa  was  considered  the  head  of  navi- 
gation. Rafts  and  flatboats  were  brought  down  the  Black  Warrior  on 
floods,  but  there  was  no  other  navigation  on  this  stream. 

Early  Improvement. 

Prior  to  the  beginning  of  work  on  the  present  project,  in  1888,  no 
work  was  done  on  the  Black  Warrior,  and  work  on  the  Tombigbee  and 
Warrior  Rivers  was  confined  to  removing  snags,  cutting  overhanging 
trees,  dredging  through  shoals,  and  building  light  dikes  and  training- 
walls  to  confine  the  water  to  the  channel.  This  work  was  of  con- 
siderable benefit  to  navigation,  but  did  not  extend  the  boating  season 
materially,  or  do  away  with  the  uncertainty  of  navigation  during  a 
part  of  each  boating  season. 
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Present  Project. 

The  present  project  is  to  obtain  a  waterway  for  the  transportation 
of  coal,  in  barges  of  6  ft.  draft,  from  the  Warrior  coal  fields  to  the 
Gulf  of  Mexico,  by  a  slack-water  system  of  locks  and  dams.  There 
will  be  twenty  locks  and  dams,  with  a  total  lift  of  230  ft.,  the  tipper 
lock  and  dam  raising  the  low-water  surface  about  15  5  ft.  at  the 
junction  of  Mulberry  and  Locust  Forks.  The  total  cost  will  approxi- 
mate $5  000  000.  Beginning  at  the  lower  end,  there  will  be:  In  the 
Tombigbee  System,  Lock  No.  I  of  11  ft.  lift  and  Locks  Nos.  2  and  3, 
each  of  10  ft.  lift;  in  the  Warrior  System  there  will  be  Locks  Nop.  1 
to  6,  each  of  10  ft.  lift;  in  the  Black  Warrior  System  there  will  be 
Lock  No.  1  of  10  ft.  lift,  Lock  No.  2  of  8J  ft.  lift,  Lock  No.  3  of  10J  ft. 
lift,  Lock  No.  4  of  12  ft.  lift,  and  Locks  Nos.  5  to  11,  each  of  14  ft. 
lift.     The  elevations  of  these  locks  are  shown  on  the  profile,  Fig.  1. 

The  locks  are  to  have  52  ft.  clear  width,  286  ft.  available  length, 
322  ft.  length  between  hollow-quoins,  and  minimum  depths  of  6J  ft. 
on  the  miter  sills  and  7  ft.  in  the  lock  chambers.  Steel  lock  gates 
and  fixed  dams  about  on  line  with  the  upper  gates  are  to  be  used 
throughout.  The  work  is  now  in  progress,  and  is  being  carried  out 
by  the  United  States  Government  under  the  continuing  contract 
system  of  river  and  harbor  appropriations. 

Work  Accomplished — Tombigbee  System. 

Lock  No.  1  is  located  and  partly  built  at  McGrew's  Shoal,  111 
miles  above  Mobile,  on  a  reef  of  soft  limestone  which  extends  across 
the  river  a  few  feet  below  low  water.  Work  on  this  lock  was  begun 
in  1896,  and  suspended  for  lack  of  funds  in  1899.  The  work  was  done 
with  hired  labor,  and  was  greatly  retarded  at  various  times  by  leaks 
in  the  coffer-dam,  freshets  and  lack  of  funds.  The  lock  walls  are 
finished,  but  the  gates  and  valves  are  not  completed,  and  no  work  has 
been  done  on  the  dam  or  abutment.  The  lock  walls  are  of  concrete, 
composed  of  1  part  loose  cement,  2£  parts  sand,  and  6  parts  pebbles. 
They  are  founded  directly  on  the  soft  limestone,  trenches  in  which 
were  dug  about  2  ft.  deep  under  each  wall  and  filled  with  concrete  for 
a  footing  course.  Lagerdorfer  Portland  cement  was  used  throughout. 
The  dam  and  abutment  will  also,  probably,  be  built  of  concrete. 

The  river  below  Lock  No.  1  is  tidal,  and  needs  no  improvement 
except  dredging  in  places.     Locks  Nos.  2  and  3,  between  Lock  No.  1 
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and  Demopolis,  have  not  jet  been  located,  and  no  appropriation  has 
been  made  for  their  construction. 

Wobk  Accomplished — Warrior  System. 

The  surveys,  borings  and  descriptions  of  lands  needed  for  Locks 
Nos.  1,  2  and  3,  have  been  completed,  but  no  appropriation  has  jet 
been  made  for  their  construction.  The  general  features  of  their  design 
-will  follow  closel j  those  for  Locks  Nos.  4,  5  and  6  of  the  same  sjstem. 
The  locks  and  abutments  will  be  of  Portland  cement  concrete  on  pile 
foundations.  The  dams  will  be  timber  cribs  on  pile  foundations, 
similar  to  those  at  Locks  Nos.  4,  5  and  6,  of  the  Warrior  Sjstem.  Lock 
No.  1  is  located  in  the  Tombigbee  River,  just  above  Demopolis  and 
just  below  the  mouth  of  the  Warrior,  230.6  miles  above  Mobile.  Locks 
Nos.  2  and  3  are  located  in  the  Warrior  River,  246.1  and  266.7  miles, 
respectivelj,  above  Mobile. 

Locks  Nos.  4,  5  and  6  are  282.2,  298.1  and  315.0  miles,  respectivelj, 
above  Mobile.  These  three  locks  are  being  built  bj  contract,  and  are 
about  half  completed.  Thej  will  probablj  be  finished  during  1902.  The 
locks  and  abutments  are  being  built  on  pile  foundations,  and  will  be 
of  Portland  cement  concrete,  1  part  cement,  as  packed  in  barrels,  3 
parts  sand,  and  6  parts  clean  pebbles.  The  sand  and  pebbles  are 
dredged  from  the  river  bed  near  the  lock  sites.  The  dams  will  be  tim- 
ber cribs  with  timber  aprons,  all  founded  on  piles  cut  off  about  1  ft. 
below  low  water. 

Considerable  dredging  will  be  required  to  secure  proper  slack- 
water  channel  depths  in  the  upper  portions  of  all  the  pools  of  the 
Tombigbee  and  Warrior  Sjstems. 

Work  Accomplished — Black  Warrior  System. 

The  change  of  name  of  the  river,  from  Black  Warrior  to  Warrior, 
occurs  at  the  Tuscaloosa  wagon  bridge,  361.5  miles  above  Mobile. 
Locks  Nos.  1,  2  and  3  are  361.9,  362.3  and  363.1  miles,  respectivelj, 
above  Mobile,  overcoming  the  Tuscaloosa  Falls,  a  series  of  rook  rapids 
having  a  total  fall  of  24. 5  ft.  in  about  2  miles.  The  Tuscaloosa  wagon 
bridge  is  built  on  the  lowest  reef  of  these  rapids,  and  here  extensive 
channel  work,  largelj  rock  excavation,  partlj  in  the  Warrior  and  partlj 
in  the  Black  Warrior,  was  carried  out  in  order  to  secure  the  required 
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depth  below  pool  level  in  the  lower  approach  to  Lock  No.  1,  which  is 
built  on  the  next  reef  above.  Considerable  rock  excavation  was  also 
required  in  the  lower  approach  to  Lock  No.  3. 

All  three  locks  and  dams  were  built  with  hired  labor.  They  were 
begun  in  1888,  and  completed  and  opened  for  traffic  in  1895. 

Lock  No.  4  is  370.1  miles  above  Mobile,  and  is  being  built  by  con- 
tract. It  is  about  half  completed,  and  should  be  finished  during  1902, 
Locks  Nos.  5  to  11,  inclusive,  between  Lock  No.  4.  and  the  junction  of 
Mulberry  and  Locust  Forks,  have  not  yet  been  located,  and  no  appro- 
priation has  been  made  for  their  construction. 

Engineering  Features — Wabbior  System. 

Location. — Trial  borings  were  made  at  every  practicable  site  for 
each  lock,  within  limits  of  several  miles,  as  fixed  by  the  profile  of  the 
river,  and,  at  the  site  finally  selected,  borings  were  taken  50  ft.  apart 
under  all  structures  and  through  the  approaches.  Borings  were  made 
by  the  water-jet  method,  1-in.  water  pipe  and  2-in.  casing  being  used. 
The  borings  usually  penetrated  not  less  than  30  ft.  below  the  lock 
floor.  For  Locks  Nos.  1,  2  and  3,  322  borings  were  made,  aggregating 
13  716  ft.  in  depth,  at  a  cost  of  $3  861,  or  about  28  cents  per  linear 
foot.  The  results  of  the  borings  were  shown  on  drawings  and  exhibited 
to  bidders  (see  Fig.  3).  The  site  of  Lock  No.  5,  looking  up  stream,  is 
shown  on  Plate  XVIII,  Fig.  1 ;  Lock  No.  6,  with  the  forms  for  the  con- 
crete walls,  is  shown  on  Plate  XVIII,  Fig.  2. 

At  first,  efforts  were  directed  toward  finding  suitable  rock  reefs  on 
which  to  build,  but  it  was  soon  discovered  from  the  borings  that  such 
reefs  did  not  exist,  the  rook  found  being  in  fragments  or  in  thin  ledges, 
and  generally  quite  soft  and  unsafe  for  foundations.  Efforts  were  then 
made  to  find  locations  where  pile  foundations  could  be  driven  with  the 
minimum  difficulty,  rock  being  avoided.  Limits  for  the  location  of 
each  lock  were  fixed  so  that  the  lower  miter  sill  with  a  given  elevation 
would  be  from  2}  to  5  ft.  below  mean  low  water.  Locations  were 
sought  in  wide,  shallow  places  with  good,  high  banks  and  in  curved 
instead  of  straight  reaches.  The  locks  are  always  located  on  the 
convex  shore,  in  order  to  secure  better  protection  from  drift  during 
floods,  and  on  straight  approaches  parallel  to  the  axis  of  the  lock 
re-entering  the  stream. 

Fixed  or  Movable  Dams. — After  very  careful  consideration  of  the 
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question  of  fixed  or  movable  dams,  the  former  were  adopted,  for  several 
reasons.  Owing  to  the  long  low- water  period  of  about  8  months  annu- 
ally, and  the  frequent  occurrence  during  the  other  4  months  of  stages 
/  which  would  drown  the  fixed  dams,  movable  dams  would  add  only 
about  3  months  annually  to  the  period  of  open-river  navigation. 
Owing  to  the  small  size  of  the  stream,  tows  will  always  be  small,  and 
probably  will  not  require  more  than  one  or  two  lockages  in  passing  a 
lock.  Therefore,  delays  from  lockages  will  be  less  than  on  large 
streams  where  large  tows  are  difficult  to  maneuver  and  require  more 
lockages  to  pass  a  lock.  The  low- water  flow  of  the  river,  at  times  for 
several  months,  is  only  150  to  303  cu.  ft.  per  second,  and,  therefore, 
the  dams  must  be  as  tight  as  practicable  in  order  to  maintain  the  pool 
level  at  the  crest  of  the  dam.  Most  types  of  movable  dams  are  not 
tight  enough  to  keep  the  pools  full  under  such  conditions.  The  cost 
of  construction,  operation  and  maintenance  is  much  greater  with 
movable  than  with  fixed  dams;  and,  owing  to  the  enormous  quantities 
of  heavy  drift  carried  by  floods,  the  cost  of  operating  and  maintaining 
movable  dams  on  this  river  would  probably  be  greater  than  usual.  The 
stream  when  improved  will  serve  more  as  a  canal  than  as  a  river,  and 
is  treated  accordingly.* 

Lift,  Guard,  Etc. — The  lift  of  each*  lock  was  fixed  at  10  ft.,  the 
guard  at  13  ft.,  and  the  minimum  length  of  the  dam  at  300  ft. 
These  dimensions  are  based  largely  on  experience  under  similar  con- 
ditions at  Lock  No.  1  of  the  Black  Warrior  System;  and  it  is  believed 
that  they  will  afford  practically  uninterrupted  navigation,  the  dams 
being  drowned  on  a  rising  river  by  the  time  the  lock  walls  are  sub- 
merged. Higher  lifts  were  not  adopted  because  it  was  feared  they 
might  raise  the  flood  heights  and  thereby  damage  lands  and  other 
property  in  the  valley. 

Mounds. — The  average  width  of  the  river  at  low  water  is  about  200 
ft. ;  therefore  the  length  of  dam  adopted  throws  the  locks  and  abut- 
ments well  back  into  the  banks,  and  causes  heavy  excavation,  both  for 
these  structures  and  for  the  lock  approaches  at  each  site.  It  was  not 
considered  advisable  to  waste  this  material  in  the  river,  and  therefore 
what  is  not  needed  for  back-filling  is  used  for  building  large  mounds, 

*  Usually  one  of  the  chief  advantages  of  movable  dams  is  that  they  reduce  the  height 
/and  duration  of  floods.  In  this  case  floods  overflow  the  entire  valley  to  an  average  depth 
/  of  5  to  10  ft.  for  several  miles  in  width.  It  is  probable,  therefore,  that  fixed  dams  of  10 
I  ft.  height  and  800  ft.  length  in  the  low-water  channel  will  have  little,  if  any,  influence  on 
\  the  height  and  duration  of  floods. 
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5  ft.  above  high  water,  in  rear  of  the  locks  and  abutments.  These 
mounds  will  be  quite  useful  as  places  for  storing  property,  etc.,  as  the 
entire  reservations,  except  at  one  lock  site,  are  subject  to  overflow. 
The  lock  houses  will  be  built  on  the  mound  back  of  the  lock. 

Plans.  — Detailed  drawings  of  Lock  and  Dam  No.  6  are  shown  in 
Figs.  4  to  17. 

Concrete. — The  concrete  is  mixed  in  a  4-ft.  cubical  mixer  making 

/  eighteen  revolutions  in  two  minutes,  and  the  usual  charge  is  1  bbl.  of 
packed  cement,  3  bbls.  of  sand,  and  6  bbls.  of  pebbles,  which  make 
about  29  cu.  ft.  of  concrete  rammed  in  place.  In  all,  17  688  cu.  yds.  of 
concrete  and  mortar  facing,  containing  16  973  bbls.  of  cement,  were 
placed  during  1901,  giving  an  average  of  1.042  cu.  yds.  per  barrel. 
The  sand  and  pebbles  are  quite  clean,  the  former  being  coarse  and 
sharp,  and  the  latter  about  i  in.  to  1  in.  in  diameter,  and  both  showing 

/  only  33  to  34%  of  voids.  Mortar  facing,  1J  to  1J  ins.  thick,  com- 
posed of  1  part  packed  cement  and  3  parts  sand,  is  used  on  all  exposed 
faces  of  the  walls.  The  walls  are  built  in  blocks  about  20  ft.  long  and 
of  the  full  thickness  of  the  walls.  The  blocks  are  separated  by  con- 
tinuous vertical  joints  from  bottom  to  top  to  provide  for  contraction, 
and  the  joints  are  indicated  by  V-shaped  grooves  in  the  faces  of  the 
walls.  Alternate  blocks  are  built  first  between  bulkheads,  two  blocks 
being  built  usually  at  the  same  time.  The  intermediate  blocks  are 
built  after  the  bulkheads  are  removed.  The  concrete  is  well  rammed 
in  layers  about  6  ins.  thick  alter  ramming,  and  is  usually  wet  enough  to 
quake  moderately  when  well  rammed.  Horizontal  joints  are  left  where 
the  work  stops  at  night,  and  are  covered  with  i  in.  of  mortar  before 
fresh  concrete  is  deposited  next  day.  After  the  forms  are  taken  down, 
rough  places  in  the  exterior  finish  are  chiseled  smooth,  and,  to  improve 
the  finish  of  the  walls,  several  coats  of  a  thin  wash  of  2  parts  cement 
and  1  part  sand  are  applied. 

Stability  of  the  Walls. — The  lock  walls  are  30  ft.  in  height  above  the 
floor,  and  are  built  on  footing  courses  2  ft.  wider  than  the  bases  of  the 
walls.  The  faces  next  to  the  lock  chamber  are  vertical.  The  bank 
wall  is  designed  as  a  retaining  wall,  and  its  average  thickness,  not  in- 
cluding the  footing  course,  is  about  37%  of  its  height.  The  back  is 
stepped  so  that  a  part  of  the  back-filling  adds  to  the  stability  of  the 
wall  against  overturning.  In  designing  the  river  wall  it  was  assumed 
that  17  ft.  is  the  maximum  head  that  will  come  against  it,  this  being 
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with  the  lower  pool  10  ft.  above  low  water  and  the  lock  chamber 
pumped  out.  The  intention  is  never  to  place  the  coffer  timbers  above 
this  height,  so  that  should  the  water  rise  higher  it  will  pass  over  the 
coffer  timbers  and  relieve  the  head  by  flooding  the  lock  chamber. 
Under  this  head  the  river  wall  has  a  factor  of  safety  of  6  against  over- 
turning. With  a  head  of  24  ft.  against  the  river  wall  the  factor  of 
safety  is  1.8,  and  with  a  head  of  30  ft.  the  river  wall  would  overturn. 
None  of  the  walls  can  slide,  owing  to  the  nature  of  the  pile  founda- 
tions. 

The  buttresses  are  located  so  that  the  line  of  thrust  of  the  gates 
will  pass  diagonally  through  them,  but  they  are  made  thicker  than 
necessary  to  take  up  this  thrust,  in  order  to  give  room  for  the  gate 
maneuvering  gearing  on  top. 

The  abutment  stem  is  a  core-wall  running  back  into  the  bank,  with 
embankments  on  both  sides.  These  embankments  are  held  in  place  by 
the  abutment  wings,  which  have  a  face  batter  of  2  ins.  per  foot,  and 
are  designed  as  surcharged  retaining  walls.  Their  average  thickness 
is  about  40%  of  their  height.  Th*  abutment  also  has  a  footing  course 
2  ft.  wider  than  the  bases  of  the  walls.  This  is  not  included  in  com- 
puting the  average  thickness  of  the  walls,  and  is  supported  by  the 
dam  and  a  minimum  depth  of  6J  ft.  of  water  above  the  footing  course 
in  the  lower  pool. 

Pile  Foundations. — Both  foundation  piles  and  sheet-piles  were 
forced  into  the  sand  and  gravel  under  the  sites  with  a  combination  of 
hammer  and  water-jet,  practically  to  refusal,  care  being  taken  as  the 
penetration  decreased  to  lessen  the  blow  so  as  not  to  injure  the  pile. 
While  the  hammer  was  of  great  assistance,  the  jet  proved  to  be  the 
main  dependence  in  getting  the  piles  down,  and  they  could  not  have 
been  driven  without  it. 

Every  wall  is  entirely  surrounded  by  an  inner  and  outer  row  of 
Wakefield  sheet-piling.  The  object  of  this  is  both  to  confine  the  mate- 
rial under  the  walls  so  that  it  will  assist  the  foundation  piles  in  sus- 
taining their  load,  and  to  reduce  the  percolation  of  water  under  the 
walls  due  to  difference  in  head.  The  outer  row  of  sheet-piling  also 
serves  as  part. of  a  coffer-dam  during  construction. 

The  round  foundation  piles  are  driven  3  to  4  ft.  between  centers  in 
the  space  between  the  two  walls  of  sheet-piling.  They  are  cut  off  6 
to  12  ins.  above  the  bottom  of  the  concrete,  which  is  rammed  around 
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and  over  them.  They  are  so  close  together  that  grillage  was  consid- 
ered entirely  unnecessary  and  probably  detrimental  to  the  work.  The 
concrete,  therefore,  rests  directly  on  the  pile  heads,  from  which  the 
bark  is  removed.  The  maximum  loading  on  the  foundation  piles  is 
about  20  tons  each. 

The  average  penetration  of  the  sheet-piles  is  about  12  ft.,  and  of 
the  round  piles  about  18  ft.,  below  the  bottom  of  the  masonry.  So 
far,  not  the  slightest  evidence  of  settlement  has  been  detected.  See 
Fig.  4. 

Lock  Floors. — As  the  floor  might  at  times  be  subjected  to  an  up- 
thrust,  due  to  17  ft.  head,  a  tight  concrete  floor,  safe  against  this 
up-thrust,  would  have  to  be  very  massive  and  costly.  It  was  decided, 
therefore,  to  use  a  timber  floor,  tight  against  downward  leakage,  to 
avoid  loss  during  lockages,  and  open  for  upward  leakage,  to  avoid  up- 
thrust.  Floor  piles  are  driven  in  parallel  rows  and  capped  longitudi- 
nally with  10  x  10-in.  timbers.  The  foundation  is  then  covered  with 
15  ins.  of  pebbles  flush  with  the  tops  of  the  caps  and  intended  to  per- 
mit the  water  to  circulate  freely  under  the  floor.  The  caps  and  pebbles 
are  then  covered  with  a  cross-layer  of  3-in.  plank  caulked  with  oakum, 
and  this  with  a  longitudinal  layer  of  2 -in.  plank,  to  keep  the  oakum 
in  place  and  protect  it  from  culvert  scour.  This  floor  is  designed  for 
a  maximum  downward  pressure  due  to  10  ft.  head  without  aid  from 
the  pebble  filling  between  the  caps.  The  maximum  head  occurs  at 
low  water  with  the  lock  chamber  filled. 

The  floor  is  relieved  from  up-thrust  by  2-in.  auger  holes  spaced 
about  10  ft.  apart.  This  design  is  based  on  the  supposition  that  when 
the  lock  is  pumped  out  for  repairs  water  under  the  maximum  head  of 
17  ft.  will  percolate  slowly  under  the  sheet-piling  and  through  the 
mass  of  sand  and  gravel  under  the  lock.  On  reaching  the  pebble  fill- 
ing it  will  circulate  more  freely,  pass  up  through  the  auger  holes,  and 
flow  to  the  drainage  pumps.  It  is  believed  that  water  due  to  percola- 
tion will  thus  be  kept  in  motion,  and  cannot  exert  dangerous  up- 
thrust.  Downward  leakage  through  the  auger  holes  when  the  lock 
chamber  is  filled  is  prevented  by  ball- valves.  See  Fig.  5.  The  details 
of  the  valve  are  shown  in  Fig.  8. 

Drain  Tile. — Single  lines  of  8-in.  drain  tile,  on  a  grade  of  6  ins. 
per  100  ft.,  and  emptying  into  the  lower  pool  below  the  pool  level, 
are  laid  behind  the  lock  bank  wall  and  the  lower  wing  of  the  abut- 
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ment  to  drain  the  back-filling.  Vitrified  tiling  is  used,  laid  with 
open  joints  and  surrounded  with  pebbles  to  serve  as  a  screen.  See 
Fig.  10. 

Dams. — Concrete  dams  on  pile  foundations  were  first  contemplated; 
but  this  plan  was  abandoned  because  it  involved  a  necessity  for  coffer- 
dams, difficulty  in  disposing  of  the  flow  of  the  river  during  construc- 
tion, and  the  possible  danger  of  wash-outs  underneath,  which  would 
be  very  difficult  to  repair. 

The  plan  adopted  is  a  bottomless  timber  crib,  resting  on  piles  and 
filled  with  "  one  man  "  stones,  the  interstices  in  which  are  filled  with 
sand  and  gravel  washed  in  to  reduce  voids  and  add  to  the  weight,  but 
no  cement  is  used.  The  crib  is  sheathed  with  plank,  which  is  caulked 
to  reduce  leakage,  and  the  filling  rests  directly  on  the  bed  of  the 
river.  The  base  of  the  dam  is  30  ft.  wide,  and  has  a  row  of  Wakefield 
sheet-piling  under  each  face,  to  reduce  percolation  under  the  dam 
and  prevent  the  escape  of  the  filling.  The  crest  of  the  dam  slopes 
both  ways  to  an  apex  10  ft.  from  the  up-stream  face.  Below  the  dam 
and  under  the  pool  level  is  a  timber  apron,  6  ins.  thick  and  30  ft. wide, 
resting  on  piles,  and  terminating  with  a  row  of  Wakefield  sheet- 
piling  under  the  down-stream  edge,  to  hold  the  filling  under  the 
apron  and  guard  against  undermining  below.  Should  scour  take 
place  below  this  apron,  it  is  proposed  to  dump  in  big  stones  until 
erosion  ceases. 

It  is  believed  that  this  dam  can  be  built  during  low  weter  without 
coffer-damming,  one  course  being  placed  and  filled  at  a  time,  the 
river  running  over  in  a  sheet,  and  the  work  being  protected  locally 
with  flash-boards.  It  is  also  believed  that,  should  a  wash-out  start 
under  the  dam,  the  filling  will  drop  into  and  choke  the  cavity  while 
small.  Then  the  sheathing  can  be  removed  and  the  filling  replaced  in 
the  top  of  the  dam,  which  can  be  examined  at  low  water  by  sounding 
through  augur  holes,  which  can  be  bored  and  afterward  plugged.  See 
Fig.  7. 

Gates.—  The  gates  are  built  of  soft  steel  of  54  000  to  64  000  lbs. 
ultimate  strength  per  square  inch,  and  designed  for  a  fiber  stress  of 
10  000  lbs.  per  square  inch.  They  are  of  the  mitering  horizontal- 
girder  type,  with  single  skin,  and  largely  follow  the  designs  of  the 
Deep  Waterways  Commission.  The  girders  have  straight  down- 
stream  flanges,  in  order  to  simplify  construction,  and  curved  up- 
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stream  flanges,  in  order  to  distribute  the  metal  to  advantage.  The 
bottom  girder  bears  against  the  miter-sill  cushion,  which  is  also 
straight  on  the  bearing  surface.  The  skin  plates  are  §  in.  thick,  this 
being  the  minimum  thickness  of  metal  used  in  the  gates  owing  to  pos- 
sible weakening  from  rust.  The  girders  are  fastened  to  the  miter  and 
heel  posts  with  connecting  angles.  A  wooden  footway  is  bolted  to  the 
top  of  the  gates. 

The  miter  posts  are  of  oak,  backed  with  built-up  steel  channels  to 
stiffen  them.  Wood  is  used  for  the  miter-post  cushions  because  they 
can  be  trimmed  after  the  gates  are  erected,  so  as  to  properly  adjust 

PLAN  SHOWING  POSITION  OF  DRAIN  PIPE 
LOCKS  4,  5  AND  6 
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the  length  of  the  gates  and  at  the  same  time  secure  a  perfect  fit 
between  the  two  posts.  Also,  these  cushions  can  be  easily  renewed. 
The  heel  posts,  owing  to  the  difficulty  of  renewing  wooden  ones,  are 
made  of  cast  iron,  in  sections  about  10  ft.  long,  joined  with  internal 
flanges  having  male  and  female  bolted  connections.  Vertical  dove- 
tailed grooves  are  cast  along  the  bearing  surfaces  of  the  post,  and  are 
used  to  hold  in  place  strips  of  lead  packing,  which  are  trimmed  and 
adjusted  to  make  a  water-tight  joint  with  the  hollow  quoin.  In  order 
to  avoid  the  wear  of  this  packing,  the  heel  post  is  hung  eccentrically 
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J  in. ,  and  plays  off  from  the  quoin  when  the  gate  begins  to  open.  The 
quoins  are  cast  iron,  and  planed  true  on  the  rubbing  and  bearing  sur- 
faces. The  bottom  of  the  heel  post  is  fitted  with  a  cast-iron  socket 
which  rests  on  a  cast-iron  pivot  bolted  to  the  masonry  footing  course. 
The  bearing  surfaces  of  the  socket  and  pivot  are  chilled.  The  top 
gudgeon  is  a  4-in.  steel  pin  supported  by  two  steel  plates,  between 
which  the  gate  yoke  works.  The  yoke  is  attached  to  the  anchorages 
with  a  gib  and  key  which  permit  adjustment  and  also  permit  the  re- 
moval of  the  yoke  with  ease.  The  yoke,  etc.,  fits  in  a  covered  cast-iron 
box  below  the  coping,  where  it  is  out  of  the  way  and  yet  is  easily  acces- 
sible for  adjustment.  The  anchorages,  which  slope  downward  and  are 
provided  with  anchor  plates  at  the  lower  ends,  are  built  into  place  with 
the  concrete  walls. 

A  stiff,  built-up.  operating  lever  is  bolted  to  the  top  of  the  gate, 
and  projects  backward,  swinging  just  above  the  coping.  A  small 
trolley  travels  in  a  slot  at  the  outer  end  of  the  lever,  and  to  this  is 
attached  an  endless  sprocket  chain  which  passes  around  two  idlers 
and  a  driving  wheel.  The  latter  is  operated  by  a  hand-lever  and  crab, 
the  lock  hand  walking  around  the  crab  and  pushing  the  lever  in  one 
direction  to  open  the  gate  and  reversing  the  motion  to  close  it. 
This  hand-lever  is  unshipped  during  floods,  and  the  remainder  of  the 
gearing,  being  quite  close  to  the  coping  and  made  as  flat  as  practic- 
able, offers  little  obstruction  to  floating  drift.  This  maneuvering 
gear  is  quite  simple  and  effective.  It  does  not  easily  get  out  of  order, 
is  quite  durable,  and  probably  compares  favorably  with  any  other 
method  of  operating  lock  gates  by  hand.     See  Figs.  11  and  13. 

Valves. — The  valves  are  balanced  gates  with  vertical  axes,  and  are 
built  of  soft  steel  of  64  000  to  64  000  lbs.  ultimate  strength.  There  is 
a  steel  center  shaft,  3x7  ins.,  with  2}-in.  journals  and  two  side  bars  of 
cast  iron  holding  rubber  packing  strips  in  dovetailed  grooves.  The 
center  shaft  has  a  bottom  adjustable  step-bearing  to  reduce  friction. 
The  center  shaft  and  side  pieces  are  covered  with  two  steel  plates,  $ 
in.  thick,  riveted  through.  The  flat  shaft  is  used  to  reduce  the  thick- 
ness of  the  valves,  and  the  rivet  heads  are  countersunk,  the  object 
being  to  have  the  open  valve  obstruct  the  flow*  into  the  culvert  as 
little  as  practicable.  The  valve  frame  is  a  casting  in  one  piece,  built 
into  the  masonry  and  surrounding  the  valve.  A  steel  rod,  with  a 
socket  on  its  bottom  end  fitting  over  the  square  top  of  the  valve  shaft, 


IMPBOVHMBNT   OP   EI  VERB. 


p^LllL.-l^-il^-]|^JII:^lL:-1IL-^ll:-:-'Jll-^li:^:|     » 


360  IMPROVEMENT  OF  RIVERS.  [Papers. 

extends  up  the  face  of  the  wall  to  the  maneuvering  gear,  which  is 
placed  in  a  recess  15  ins.  below  the  coping'  in  order  to  protect  it 
from  drift.  To  the  top  of  this  rod  is  keyed  a  sector  worm-gear  which 
meshes  into  a  worm  on  a  horizontal  shaft  parallel  to  the  axis  of  the 
lock.  The  valves  are  operated  in  pairs  from  the  worm  shaft,  which 
has,  between  the  two  worms,  a  flanged  coupling  which  admits  of 
adjustment  so  as  to  close  the  two  valves  exactly  together.  The  worm 
shaft  is  operated  by  hand- wheels  at  either  end,  which  are  removed 
during  floods,  on  account  of  drift.  The  remainder  of  the  operating 
machinery  is  below  or  about  level  with  the  coping,  and,  therefore,  is 
protected  from  drift. 

The  worm  gear  is  used  for  operating  the  valves  because  it  gives 
ample  power  under  all  conditions,  and,  while  it  acts  quickly  enough, 
it  does  not  permit  of  very  rapid  movement  of  the  valves,  and  thereby 
protects  them  from  water  hammer  when  it  is  necessary  to  close  them 
against  a  head  of  water.  Steel  valves  are  also  preferred  to  cast  valves, 
because  they  stand  shock  from  water  hammer  with  much  more  safety 
than  cast-  valves. 

A  steel  defleotion  plate  is  fastened  to  the  inside  of  the  valve  on  the 
half  that  swings  outward  into  the  lock  chamber.  As  soon  as  the 
valve  begins  to  open,  the  reaction  of  the  water  against  this  plate  helps 
to  swing  the  valve.  The  plate  is  located  so  that  it  does  not  reduce 
the  area  of  the  waterway  when  the  valve  is  fully  opened.  Owing  to 
the  proximity  of  the  valves  to  the  gates,  it  has  been  found  important 
to  have  the  up-stream  half  of  the  valve  swing  outward  into  the  lock 
chamber.  This  gives  the  water  a  more  direct  flow  into  the  culvert  while 
the  valve  is  swinging  than  if  the  down-stream  half  swung  outward, 
and,  therefore,  the  valve  swings  more  easily  and  smoothly.  Hie  main 
objects  sought  in  designing  this  valve  were  simplicity  and  durability, 
and  it  has  proved  to  be  quite  satisfactory  in  practice  (see  Fig.  9). 

Culverts. — The  culverts  pass  through  the  lock  walls,  around  the 
gates  at  each  end  of  lock.  This  avoids  valves  in  the  gates,  which 
would  tend  to  weaken  the  gates  and  complicate  their  construction.  It 
also  results  in  much  simpler  and  cheaper  construction  than  putting 
the  culverts  under  the  lock  floor.  The  upper  culverts  extend  about 
one-third  the  length  of  the  lock  chamber,  and  have  from  each  culvert 
six  different  outlets  into  the  lock  chamber  at  intervals  of  18  ft. ,  from 
center  to  center,  in  order  to  distribute  the  flow  and  avoid  objection- 
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able  agitation  in  the  lock  chamber.  The  lower  culverts  each  have  a 
single  outlet  directed  bo  as  to  wash  away  flood  deposits  in  the  lower 
bay. 

There  are  four  valves  at  each  end,  giving,  combined,  a  clear  opening 
of  58. 17  sq.  ft.  for  filling  or  emptying.  The  two  culverts  at  each  end 
have  a  combined  area  of  cross-section  of  60  sq.  ft.  These  dimensions, 
with  10  ft.  lift,  give  an  estimated  time  of  6.3  minutes,  using  c  equal 
0.6,  for  filling  or  emptying  the  lock  chamber  (see  Figs.  14  and  15). 

Coffer  Timbers. — These  are  to  be  used  when  it  is  necessary  to  pump 
out  for  repairs,  there  being  no  guard  gates  provided.  The  timbers 
will  be  each  12  x  18  ins.  x  56  ft.,  and  will  be  lowered  with  a  derrick- 
boat  into  the  coffer  grooves  near  the  extreme  ends  of  the  walls,  being 
thus  built  up  into  walls  of  timber  10  ft.  above  the  lower  pool  and  6  ft. 
above  the  upper  pool  leveL  Triangular  center  posts,  each  having  two 
steel  channels  placed  so  as  to  receive  the  ends  of  the  brace  timbers,, 
will  then  be  placed  upright  against  the  middle  of  the  coffer  timbers, 
and  12x6-in.  braces  will  then  be  lowered  into  the  center-post  channels 
at  one  end  and  into  the  brace  grooves  at  the  other  end.  The  lock 
chamber  will  then  be  ready  for  pumping  out,  sawdust,  or  cinders, 
or  canvas  being  used  for  reducing  leakage  between  the  coffer  timbers. 
Should  the  pools  rise  above  the  coffer  timbers,  the  lock  chamber  will 
be  flooded  and  the  pressure  against  the  river  wall  relieved  (see  Figs. 
Hand  15). 

Bank  Protection. — The  horizontal  space  between  the  bank- wall  wings 
and  the  slope  immediately  back  of  these  wings  will  be  paved  with  con- 
crete blocks,  6  ins.  thick  and  about  3  ft.  square,  built  in  place  on  a 
bed  of  sand  and  gravel  6  ins.  thick.  The  approach  slopes  to  the  lock 
and  abutment,  for  the  full  length  of  the  lower  approaches  and  for  100 
to  150  ft.  above  the  dam,  will  be  protected  with  hand-placed  rip-rap, 
12  ins.  thick,  of  hard,  durable  stone.  It  is  expected  that  this  rip-rap 
will  slip  in  spots  while  floods  are  receding,  and  will  have  to  be  repaired 
from  time  to  time  until  it  becomes  covered  with  a  thick  growth  of 
willows  and  other  vegetation. 

Pile  Clusters. — Heart  piles  will  be  driven  in  clusters  above  and 
below  the  locks  to  guide  vessels  in  entering.  Each  cluster  will  con- 
tain eight  piles,  seven  cut  off  level  with  the  coping  of  the  lock,  and  a 
center  pile  projecting  18  ins.  above  and  rounded  for  a  snubbing  post. 
The  center  piles  in  certain  clusters  will  also  be  equipped  with  line 
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hooks  for  use  at  varying  stages  of  water.  That  part  of  the  piles  above 
low  water  will  be  all  heart,  squared,  12  x  12  ins. ,  with  rounded  corners. 
Below  low  water  the  piles  will  be  left  round.  There  will  be  six  clusters 
above  the  look,  the  first  four  being  in  line  with  the  river  wall  and 
spaced  80  ft.  between  centers.  The  other  two  clusters  flare  from  this 
line  10°,  and  are  spaced  90  ft.  between  centers.  The  greater  spacing 
of  these  two  clusters  is  to  facilitate  the  passage  of  drift.  The  other 
clusters  are  spaced  closer,  because  the  suck  of  the  dam  is  greater  near 
the  lock.  There  will  be  four  clusters  below  the  look  in  line  with  the 
bank  wall,  the  first  cluster  30  ft.  from  the  end  of  lock  wall  and  the 
others  spaced  60  ft.  from  center  to  center.  These  clusters  will  keep 
vessels  in  proper  position  for  entering  the  lock,  and  barges  can  be 
tied  to  them  when  fleets  are  locked  in  sections  (see  Fig.  16). 

Engineering  Features — Black  Warrior  System. 

Plans. — Sections  and  plans  of  Dams  Nos.  1,  2  and  3,  and  detailed 
drawings  of  Look  and  Dam  No.  4,  are  shown  in  Figs.  17  to  20.  The 
site  of  Lock  No.  4,  looking  down  stream,  is  shown  on  Plate  XIX,  Fig. 
1 ;  the  lower  end  of  Look  No.  1,  and  Dam  No.  1,  are  shown  on  Plate 
XIX,  Fig.  2. 

Lift,  Guard,  Etc.—  The  lift  at  Lock  No.  1  will  be  10  ft.  when  the 
next  dam  below  is  built.  The  guard  is  13  ft.  and  the  length  of  the  dam 
839  ft.  The  lift  of  Lock  No.  2  is  8.5  ft.,  the  guard  is  15.5  ft.,  and  the 
length  of  the  dam  409  ft.  The  lift  at  Look  No.  3  is  10.5  ft.,  the  guard 
is  15  ft.,  and  the  length  of  the  dam  650  ft.  Generally,  these  dams  are 
navigable  when  the  lock  walls  are  submerged.  In  1897,  during  one 
of  the  most  rapid  rises  which  has  occurred  since  the  dams  were  built, 
the  fall  over  the  dams,  just  as  the  look  walls  became  submerged,  was 
observed  as  follows:  Dam  No.  1,  1.14  ft.  fall,  river  rising  2  ft.  per 
hour;  Dam  No.  2,  2.10  ft  fall,  river  rising  2  ft.  per  hour;  and  Dam 
No.  3,  1.40  ft.  fall,  river  rising  1  ft.  per  hour.  In  each  case  the  dams 
became  navigable  in  a  few  hours  after  the  locks  were  submerged. 
While  this  same  rise  was  subsiding,  just  as  the  lock  walls  emerged, 
the  fall  over  Dams  Nos.  1,  2  and  3  was  0.10  ft.,  0.15  ft.,  and  0.20  ft., 
respectively. 

The  lift  at  Lock  No.  4  will  be  12  ft.,  the  guard  12  ft.,  and  the  length 
of  the  dam  640  ft.  Owing  to  the  character  and  steepness  of  the  stream 
here  and  above,  it  was  not  considered  practicable  to  make  the  dams 
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navigable  when  the  lookB  are  submerged.  The  lock  walls  will  be 
about  10  ft.  below  ordinary  high  water  and  about  19  ft.  below 
extreme  flood,  and  will  never  be  submerged  except  for  a  few  days  at 
a  time.  During  such  times  the  river  would  be  unsafe  for  naviga- 
tion, under  any  circumstances,  and  all  traffic  should  seek  harbors  of 
refuge. 

Masonry. — The  walls  and  dams  are  built  of  sandstone  quarried  in 
the  vicinity  of  the  locks  along  the  banks  of  the  river  and  in  the  river 
bed.  The  stone  for  Lock  and  Dam  No.  3  was  quarried  from  the  river 
bed  just  below  the  lock  under  what  is  now  the  channel  for  vessels. 
This  quarry  was  in  a  reef  just  above  falls  about  7  ft.  high,  and  was 
exposed  by  building  a  dam  and  training  wall  out  from  the  shore  and 
down  to  the  falls.  It  covered  about  2  acres  of  the  river  bed,  and  was 
12  to  18  ft.  deep.  It  was  operated  during  the  low-water  period,  only, 
and  was  drained  with  two  3-in.  pulsometers.  It  yielded  a  hard,  dur- 
able sandstone  at  a  very  reasonable  cost,  as  there  was  no  stripping. 

All  masonry  is  founded  on  bed-rock,  the  exposed  faces  of  the  lock 
and  abutment  walls  being  built  of  cut  stone  and  the  interior  and  back, 
where  not  exposed,  of  uncut  rubble.  The  foundations  for  the  faces 
of  the  lock  walls  and  culverts  are  excavated  to  the  grade  of  the  lock 
floor,  the  rear  of  the  walls  being  stepped  up  on  the  original  bed-rook, 
only  loose  and  soft  rock  being  removed.  Weep  holes  for  drainage  are 
left  in  the  lower  wing  of  the  abutment  and  in  the  lower  wing  of  the 
lock  bank  wall;  also,  a  portion  of  the  rear  of  the  lock  bank -wall  is 
built  of  dry  rubble  thoroughly  bonded  into  the  mortar  part  of  the 
wall.  This  serves  as  a  drain  for  the  back-filling,  and  reduces  the  cost 
of  the  wall  without  materially  reducing  its  weight.  Pointing  is  done 
as  the  work  progresses,  so  that  the  pointing  and  other  mortar  may  set 
together. 

A  small  quantity  of  Louisville  natural  cement,  1  of  cement  to  2  of 
sand,  was  used  in  beginning  Lock  No.  1.  With  this  exception,  Port- 
land cement  has  been  used  throughout.  At  Locks  Nos.  1,  2  and  3  the 
cement  was  measured  loose  and  the  face  stones  were  set  in  mortar 
composed  of  1  of  cement  and  3  of  sand.  Some  of  the  rubble  was  built 
up  in  similar  mortar,  some  was  grouted,  and  some  had  the  interstices 
filled  with  concrete  composed  of  1  of  cement,  3  of  sand  and  5  of  broken 
stone,  rammed  in  place.  At  Lock  No.  4  the  cement  is  measured  packed, 
and  the  face  stones  are  set  in  mortar  composed  of  1  of  cement  and  3  of 


Papon.]  IMPKOVEMENT  OF    RIYEK8. 


& 


I  I5 


368  IMPROVEMENT  OF  BITERS.  [Papers. 

sand.  The  nibble  is  bedded  and  built  up  in  concrete  composed  of  1 
of  cement,  3  of  sand,  and  5  of  clean  pebbles,  the  concrete  being  thor- 
oughly rammed  into  the  interstices.  The  stability  of  the  -walls  is  about 
the  same  as  those  for  the  Warrior  locks.     See  Fig.  20. 

Dams. — Movable  dams  were  not  considered  for  the  Black  Warrior 
System,  because  open-river  navigation  is  not  practicable  on  this 
portion  of  the  stream  under  any  conditions.  Dams  Nos.  1,  2  and  3  are 
of  the  rock-fill  type,  without  mortar  or  core-wall.  The  down-stream 
face  is  composed  of  large  roughly  dressed  stones,  laid  in  steps  and 
dowelled  together.  A  timber  crib  is  built  into  the  up-stream  face  and 
sheathed.  A  timber  wale  is  anchor-bolted  to  the  top  course  of  dressed 
stones,  and  a  sloping  crest  of  timber  is  drift-bolted  to  this  wale  and  to 
the  top  of  the  crib  in  the  up-stream  face.  These  three  dams  were  built 
during  the  low-water  seasons,  without  coffer-damming.  A  floating 
derrick  was  used  above  the  dams,  and  stationary  derricks  erected  on 
the  bed-rock  reefs  were  used  below  the  dams  and  were  moved  ahead 
as  the  building  progressed.  The  stone  for  Dams  Nos.  1  and  2  was  de- 
livered by  barge,  and  for  Dam  No.  3  by  rail,  a  track  being  laid  on  stone- 
filled  cribs  along  the  toe  of  the  dam.  The  low- water  flow  of  the  stream 
ran  through  the  rock-fill  dams  until  all  the  stone- work  and  the  timber 
crest  were  in  place.  Then  the  vertical  sheathing  on  the  up-stream 
face  and  the  filling  above  the  dams  were  placed,  and  the  pools  filled 
in  a  short  time. 

These  dams  are  very  cheap,  but  not  altogether  satisfactory.  The 
filling  above  the  dams  is  not  permanent,  and  has  to  be  renewed  from 
time  to  time.  The  leakage  is  so  great  that  at  times  it  is  difficult  to 
keep  the  pools  full.  On  certain  stages  there  is  a  strong  "back  lash" 
below  the  dams,  which  holds  and  tosses  drift  sometimes  for  a  day  or 
two  before  it  can  get  away.  Saw  logs,  and  other  heavy  drift,  at  such 
times,  if  they  come  back  "end  on"  in  the  "back  lash,"  dive  when 
they  reach  the  sheet  of  water  falling  over  the  crest,  and  strike  the 
step  stones  in  the  down-stream  face  of  dams  like  so  many  battering 
rams.  This  action  of  the  drift  made  several  large  breaches  in  the 
down-stream  faces  of  the  dams,  there  being  no  dowels  in  the  face 
stones  when  the  dams  were  first  built.  Afterward,  two  lj-in.  dowel 
pins  were  put  through  each  face  stone  into  the  stones  below.  No 
large  breaches,  but  several  small  ones,  have  occurred  since  the  face 
stones  were  dowelled.    The  crests  of  these  dams  have  settled  as  much 
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as  4  ins.  in  places,  and  the  bed-rock,  below  the  dams  which  have  no 
aprons,  is  wearing  from  the  action  of  the  water  and  drift.  It  is 
probably  just  a  question  of  time  when  these  dams  will  have  to  be 
rebuilt  or  extensively  repaired.     See  Fig.  17. 

The  objections  to  this  type  of  dam  led  to  a  different  design  for 
Dam  No.  4,  which  is  being  built  of  rubble  masonry  in  mortar  and 
concrete,  but  with  timber  coping  to  reduce  cost.    The  face  stones  are 
laid  in  mortar  composed  of  1  of  packed  cement  and  3  of  sand.     The 
interior  stones  are  bedded  and  built  up  in  concrete  composed  of  1  of 
packed  cement,  3  of  sand  and  5  of   clean  pebbles.     Both  faces  are 
carefully  pointed  as  the  work  progresses.     The  down-stream  face  is 
built  of  large  stones  roughly  dressed,  with  a  straight  batter  of  6  ins. 
per  foot.     It  is  thought  that  this  type  of  dam  will  be  tight  and  will 
suffer  little  injury  from  drift  playing  below;  also,  the  down-stream 
toe  is  carried  well  down  into  bed-rock,  which  will  have  to  wear  to 
the  bottom  of  the  toe  before  the  dam  can  begin  to  undermine.     Thus 
the  bed-rock  will  be  utilized  as  an  apron,  and  should  it  wear  enough 
to  endanger  the  dam  it  can  be  replaced  with  an  artificial  apron.    It  is 
probable  that  a  concrete  dam  of  ogee  section  would  be  better  and 
cheaper  for  such  conditions,  and  will  be  built  with  the   looks  pro- 
jected above  Dam  No.  4.     See  Fig.  18. 

Gates. — The  gates  for  Locks  Nos.  1,  2  and  3  are  built  of  steel,  and 
are  of  the  mitering,  horizontal-girder  type,  with  a  single  skin  of  J -in. 
plates  on  the  water  side.  The  girders  are  20- in.  I-beams,  with  a  J-in. 
camber  against  the  water  pressure.  The  beams  are  all  the  same  size, 
the  spacing  decreasing  from  the  top  to  the  bottom  of  the  gate  to 
provide  for  the  increase  of  pressure,  and  are  fastened  to  the  miter  and 
heel  posts  with  connecting  angles.  The  bottom  beam  bears  against 
the  miter-sill  cushion,  the  bearing  surface  of  which  has  a  f -in.  camber 
to  fit  the  beam. 

The  miter  posts  are  of  oak,  backed  with  a  steel  plate  £  in.  thick. 
The  heel  posts  are  of  cast  iron,  and  are  similar  to  those  for  the 
Warrior  locks,  but  larger  in  diameter,  owing  to  the  greater  depth  of 
the  ends  of  the  girders.  The  top  gudgeon  is  of  soft  steel,  and  is 
turned  and  pressed  into  the  top  of  the  heel  post,  which  is  flush  with 
the  coping.  The  yoke,  therefore,  comes  above  the  coping,  and  is 
connected  with  turnbuckles  to  the  anchorages,  which  are  bolted  to 
the  top  of  the  wall  and  partly  countersunk.     The  operating  lever  is 
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fastened  to  the  gate  above  the  yoke,  and  slopes  downward  so  that 
the  trolley  slot  at  the  outer  end  hangs  close  to  the  coping.  Other 
features  of  these  gates  are  similar  to  those  of  the  Warrior  locks. 

The  gates  for  Look  No.  4  are  similar  in  design  to  those  for  the  War- 
rior locks,  except  that  the  anchorages  are  countersunk  and  bolted  to 
the  top  of  the  wall,  instead  of  being  built  into  the  masonry. 

Valves. — Two  kinds  of  valves  were  tried  at  Lock  No.  1.  One  was  a 
flexible  curtain  valve  of  asbestos  rubber  cloth,  stiffened  on  the  culvert 
side  with  horizontal  iron  slats  slightly  separated  and  riveted  to  the 
cloth.  This  valve  was  lifted  from  the  bottom,  peeling  up,  instead  of 
rolling,  by  means  of  gearing  on  the  walls  and  counterweights  working 
in  wells.  These  valves  were  used  for  several  years,  but  did  not  prove 
durable  or  satisfactory,  and  were  Anally  replaced  with  valves  similar 
to  those  for  the  Warrior  locks. 

The  other  valve  used  at  Lock  No.  1  is  a  cast-iron,  balanced  gate  with 
a  vertical  axis.  The  casting  is  in  one  piece,  with  horizontal  stiffening 
ribs,  and  is  cast  around  the  steel  center  shaft,  the  ends  of  which 
are  turned  for  journals.  The  frame  consists  of  oak  sills  bolted  into 
recesses  in  the  masonry  and  lined  with  wrought -iron  valve  bearings. 
The  valve  revolves  in  oast  journal  boxes  bolted  to  the  oak  sills.  A 
steel  rod,  with  a  socket  on  the  bottom  end  fitting  over  the  square  top 
of  the  valve  shaft,  extends  up  to  the  top  of  the  wall,  where  it  is  revolved 
to  open  or  close  the  valve  by  a  simple  lever  fastened  to  the  top  of  the 
rod.  This  same  valve  is  in  use  at  Locks  Nos.  2  and  3,  and  has  proved 
fairly  satisfactory .  The  j ournal  boxes  an  d  frame  linings  work  loose,  and 
wear  more  or  less,  and  several  of  the  valves  were  cracked  shortly  after 
being  erected,  probably  due  to  water  hammer  caused  by  closing  the 
valves  suddenly  against  a  head  of  water.  Also,  the  valve  cannot  be 
operated  as  smoothly  with  the  single  lever  as  with  the  worm  gear. 
The  steel  valve  operated  by  the  worm  gear  is  considered,  on  the  whole, 
safer  and  more  durable. 

The  valves  for  Lock  No.  4  are  similar  in  design  to  those  for  the  War- 
rior locks. 

Coffer  Timber*,  Etc. — When  Locks  Nos.  1,  2  and  3  were  built,  light 
needle-dams,  extending  about  2  ft.  above  the  pool  level,  were  provided 
at  the  upper  ends,  but  no  provision  for  coffer-dams  was  made  at  the 
lower  ends.  The  erection  of  the  needle-dam  exposes  the  upper  gates  and 
valves,  which  are  entirely  above  the  lower  pool  level.    When  repairs 
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are  needed  to  the  lower  gates  and  valves,  or  when  the  lock  chambers 
need  cleaning  out,  there  being  no  dredge  available,  the  practice  has 
been  to  draw  each  pool  down  at  low  water  through  the  lock  below, 
raise  the  needle-dam  at  the  npper  end,  pnt  in  a  low,  cheap,  temporary 
coffer-dam  of  clay  or  canvas  at  the  lower  end,  and  pnmp  out.  The 
objection  to  this  method  is  that  it  is  only  available  at  low  water,  and 
a  very  slight  rise  will  flood  the  pool  below,  while  a  rise  of  over  2  ft. 
will  flood  the  needle-dam  above.  This  renders  repair  work  quite  pre- 
carious. Also,  in  order  to  drain  a  pool,  it  is  necessary  to  lash  open  the 
gates  of  the  lock  below  and  turn  the  river  through  the  lock.  This 
leaves  the  look  in  bad  condition  in  case  of  a  sndden  rise.  One  gate 
has  recently  been  greatly  injured  under  these  circumstances  by  being 
torn  from  its  lashings  and  slammed  against  the  miter  sill  by  the  cur- 
rent.   It  had  to  be  taken  down,  repaired,  and  re-erected. 

The  pools  below  Dams  Nos.  2  and  3  are  quite  short,  and  can  be  drained 
quickly  at  low  water.  So  far,  there  has  been  an  open  river  below  Dam 
No.  1,  but  the  next  dam  below,  Warrior  No.  6,  will  probably  be  built 
during  1902.  *  This  will  make  a  pool  46  miles  long  below  Dam  No.  1, 
which  cannot  be  drained  quickly,  or  without  damage  to  commerce, 
even  at  low  water.  Therefore,  during  1901,  provision  was  made  at  the 
lower  end  of  Lock  No.  1  for  a  permanent  coffer-dam,  5  ft.  above  the 
pool  level  and  otherwise  similar  to  those  for  the  Warrior  locks.  Simi- 
lar coffer-dams  will  probably  be  provided,  later,  at  the  lower  ends  of 
Locks  Nos.  2  and  3. 

The  needle-dams  in  use  at  Locks  Nos.  1,  2  and  3  are  erected  on 
masonry  breast  walls  extending  across  the  heads  of  the  locks  and  up  to 
within  about  7  ft.  of  the  pool  level.  The  needles  are  each  4  ins.  wide, 
and  are  placed  against  two  sills.  The  bottom  sill  is  built  and  anchored 
into  the  masonry  of  the  breast  wall.  The  top  sill  rests  at  each  end  in 
recesses  cut  in  the  faces  of  the  lock  walls,  and  is  supported  at  inter- 
vals of  about  7}  ft.  by  steel  trestles  anchored  to  the  breast  wall  and 
hinged  so  that  when  not  in  use  they  lie  flat  upon  it.  The  needles,  when 
in  place,  slope  down  stream  at  an  angle  of  about  20°  from  the  vertical. 
These  needle-dams  are  quite  simple  and  efficient,  and  are  easily 
maneuvered.  The  principal  objection  to  them  is  that  they  extend 
only  2  ft.  above  the  pool  level. 

At  Lock  No.  4,  coffer  timbers  at  both  ends,  similar  to  those  for  the 
Warrior  locks,  are  provided. 
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Bank  Protection. — At  Locks  Nos.  1,  2  and  3  all  bank  protection  con- 
sists of  hand-placed  rip-rap,  12  ins.  thick.     It  covers  the  horizontal 
space  between  the  bank-wall  wings  and  most  of  the  slope  back  of  these 
wings,  and  the  sloping  banks  for  a  short  distance  above  and  below  each 
lock;  also  the  sloping  banks  for  short  distances  above  and  below  each 
lock  ;  also  the  sloping  banks  for  a  short  distance  above  and  for  about 
300  ft.  below  each  abntment.     Immediately  back   of  the  locks  and 
abutments  this  protection  extends  well  up  toward  the  top  of  the  slope, 
but  tapers  down  toward  the  low-water  line  at  the  lower  end.     This  rip- 
rap slips  in  places,  after  floods,  and  requires  more  or  less  repairs  each 
season,  but,  on  the  whole,  has  served  its  purpose  well.     In  places  it  is 
now  covered  with  willows  and  other  vegetation,  which  help  to  hold  it  in 
place.     The  banks  here  consist  largely  of  clay,  and  do  not  erode  so 
readily  as  the  alluvial  banks  of  the  Warrior. 

The  bank  protection  at  Lock  No.  4  will  be  similar  to  that  at  Locks 
Nos.  1,  2  and  3,  except  that  well-shaped  stone  paving  15  ins.  thick  will 
be  used  on  the  horizontal  space  between  the  bank-wall  wings. 

Guard  Cribs. — When  Locks  Nos.  1,  2  and  3  were  built,  a  single  guard 
crib,  90  ft.  long  and  11J  ft.  wide,  was  placed  above  and  in  line  with  the 
river  wall  at  each  lock,  a  space  of  10  ft.  being  left  between  the  crib  and 
the  lock  wall  tor  the  passage  of  drift.  The  top  of  the  crib  was  level  with 
the  coping  of  the  lock,  and  a  sloping  drift  guard  on  the  upper  end  of 
the  crib  extended  5  ft.  higher.  The  cribs  were  built  of  6  x  8-in.  yellow 
pine,  with  cross-pieces  at  intervals  of  5  ft.,  drift-bolted  together,  and 
filled  with  "  one  man  "  stone. 

At  certain  stages  the  suck  of  the  dam  causes  a  strong  current 
around  the  head  of  the  crib.  This  caused  the  wreck  of  a  towboat  and 
several  barges  in  February,  1901,  they  being  drawn  over  the  dam  while 
maneuvering  to  enter  the  head  of  Lock  No.  2.  To  afford  better  pro- 
tection to  traffic,  four  additional  cribs,  24  ft.  long  and  12  ft.  wide,  with 
21-ft.  openings  between  them  for  drift,  are  now  being  built  above  each 
of  the  old  cribs.  The  new  cribs  are  on  a  line  flaring  10°  at  Locks  Nos. 
1  and  2,  and  15°  at  Lock  No.  3,  toward  the  river  from  the  line  of  the 
old  crib,  and  extend  the  protection  to  a  total  distance  of  280  ft.  above 
the  head  of  lock.  It  is  probable  that,  should  fleets  ever  be  handled 
that  will  require  two  or  more  lockages  to  pass  a  lock,  guard  cribs 
with  snubbing  posts  will  be  required  below  and  in  line  with  the  bank 
walls,  but  none  have  yet  been  built  or  provided  for. 
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A  single  crib,  similar  to  those  first  built  at  Locks  Nos.  1,  2  and  3,  is 
provided  for  at  Lock  No.  4,  but  it  is  probable  that  additional  cribs  will 
be  needed  there  also.     (See  Fig.  19. ) 

Olhef  Features. — With  given  lifts,  the  location  of  each  lock  is  largely 
fixed  by  the  profile  of  the  stream,  and  there  is  little  choice  between 
different  sites.  As  far  as  practicable,  the  locks  are  placed  on  a  convex 
shore,  to  secure  protection  from  drift,  and  straight  approaches.  No 
mounds  have  been  built  at  the  Black  Warrior  locks,  because  there  has 
been  no  surplus  excavation  and  the  river  banks  are  much  higher  than 
at  the  Warrior  locks.  The  lock  floors  consist  of  bed-rock,  as  left  after 
excavating  to  grade,  and  are  quite  rough.  The  culverts  and  other  details 
not  mentioned  are  similar  to  those  described  for  the  Warrior  locks. 

Cost. 

As  stated  previously,  the  total  cost  of  these  improvements  will 
approximate  $5  000  000,  or  $250  000  per  lock  and  dam. 

Tombigbee  System. — The  work  on  Lock  and  Dam  No.  1  is  about 
three-fifths  completed.  No  detailed  estimates  of  the  cost  of  completing 
this  and  building  Locks  and  Dams  Nos.  2  and  3  have  yet  been  made. 
The  cost  of  concrete  in  place  at  Lock  No.  1  was  about  $6 .  34  per  cubic 
yard,  under  fair  working  conditions,  but  this  did  not  include  the  cost 
of  coffer-dams  and  other  incidental  expenses. 

Warrior  System. — The  estimated  cost  of  Locks  and  Dams  Nos.  1,  2 
and  3  is  $874  000,  as  itemized  in  Table  No.  2. 
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TABLE  No.  2. 


Lock  No.  1. 


Kind  of  work  and  material. 


Concrete 

Excavation... 
Gravel  Ailing. 
Stone  filling. . 


Puddling , 

Miter  sills , 

Dam  timber 

Apron  timber 

Floor  timber 

Sheathing 

Sheet-piling 

Foundation  piles 

Heart  piles. 

Drain  pipes 

Grubbing  and  clearing. 
Coffer-dams 


Measure. 


Cubic  vards. 


tt 
tt 


Feet,  B.  M. 


it 


It 

Linear  feet. 

it 
Complete. 


Quantity. 


12  000 

360  000 

1000 

7000 

4000 

100 

4000 

890  000 

110  000 

116  000 

20  000 

660  000 

60  000 

6000 

600 


Purchase  of  sites 

Gates,  valves  and  irons 

Buildings 

Engineering  and  incidentals 


Total. 


Lock  No.  2. 


Concrete 

Excavation 

Gravel  filling 

Stone  filling 

Rip-rap 

Puddling 

Miter  sifis 

Dam  timber 

Apron  timber 

Floor  timber 

Sheathing 

Sheet-piling 

Foundation  piles 

Heart  piles 

Drain  pipe 

Grubbing  and  clearing. 
Coffer-dams 


Cubic 


4vard 


8. 


tt 
tt 
tt 
tt 


Feet,  B.  M. 


tt 
tt 
tt 
tt 


Linear  feet. 

tt 

tt 
Complete. 


12  000 

186  000 

1000 

4000 

2  900 

100 

4000 

195  000 

66  000 

116  000 

20  000 

466  000 

48  000 

6000 

500 


Purchase  of  sites 

Gates,  valves  and  irons 

Buildings 

Engineering  and  incidentals. 


Total. 


Price.       Amount. 


$7.50 

0.85 

1.00 

2.60 

2.60 

1.60 

50.00 

80.00 

25.00 

40.00 

20.00 

40.00 

0.80 

0.85 

0.60 


$7.50 

0.85 

1.00 

2.50 

2.50 

1.50 

50.00 

80.00 

25.00 

40  00 

20.00 

40.00 

0.80 

0.85 

0.50 


$00  000 

91000 

1000 

17  500 

10  000 

150 

200 

9600 

2750 

4  640 

400 

22  000 

15  000 

2100 

250 

1000 

10  000 


$277  500 
2000 

15  000 
6000 

88  410 


$388000 


$90000 

47250 

1000 

10000 

7250 

150 

200 

5850 

1650 

4640 

400 

18  600 

14400 

2100 

250 

1000 

8000 

$212  740 
500 

15  000 

5000 

26  760 

$260000 
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TABLE  No.  2— (Continued). 


Lock  No.  8. 

Measure. 

Quantity. 

Price. 

Kind  of  work  and  material. 

Amount. 

Cubic  yards. 

44 
44 
44 

44 
44 

Feet,  B.  M. 

44 
44 
44 
44 
44 

Linear  feet. 

44 
14 

Complete. 

18  000 

175  000 

1000 

8600 

8600 

100 

4000 

105  000 

66  000 

116  000 

80  000 

680  000 

66  000 

6000 

600 

$7.50 

0.86 

1.00 

8.60 

8.60 

1.60 

60.00 

80.00 

86.00 

40.00 

80.00 

40.00 

0.80 

0.86 

0.60 

990  000 

Excavation 

61860 

Gravel  Ailing 

1000 

Stone  fining 

9000 

Rip-rap. . .  ~ 

9000 

Puddling 

160 

Miter  sills 

800 

Dam  timber  . .     ......      . . .  . 

5660 

Apron  timber 

1660 

Floor  timber 

4640 

Shrathing 

400 

Sheet-piling 

80800 

Foundation  piles 

16  600 

Heart  piles  .*. 

8100 

Drain  pipe 

860 

(drubbing  and  clearing. ................ 

1000 

Coffer-dams 7. 

8000 

9881790 
500 

OAte*^  v*ivAfl awl  Ir^nfl . ., 

15  000 

Buildings 

5000 

"Rngineftring  and  incidentals. ......    . 

88  710 

Total 

9881000 

Recapitulation. 

9888  000 

Lock  No.  8 

860  000 

Lock  No.  8 

881000 

9874  000 

• 

• 

The  Bids  received  for  Locks  and  Dams  Nos.-4,  5  and  6  are  shown 
in  Table  No.  3. 
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Black  Warrior  System. — The  total  cost  of  Locks  and  Dams  Nos. 
1,  2  and  3,  including  local  office  expenses,  but  not  including  office  ex- 
penses at  the  district  headquarters  in  Mobile,  was  9541  215.57,  itemized 
as  in  Table  No.  4. 

TABLE  No.  4. 

Lock  and  Abutment  No.  1. 

(Lock  masonry,  9  762  cu.  yds.;  abutment  masonry,  325  cu.  yds.) 


Item. 


Stone  quarried 

Stone  cut 

Masonry  laid,  Including  cement. . . 

Earth  excavation 

Rock  excavation 

Earth  filling 

Rock  filling 

Paving,  12  ins.  thick 

Tnrflng 

Gates  and  valves 

Coffer-dam  and  pumping 

Handling  and  hauling 

Boats  and  buildings 

Track  and  roads 

Tools  and  plant 

Engineering  and  superintendence. 
Incidentals 


Total. 


Measure. 


Cubic 


yards. 


u 

it 
ii 
ii 


Square  yards. 


Quan- 
tity. 


10  067 
3  530 
10  087 
10  809 
8778 
4600 
2600 
6  774 
3  182 


Cost. 


$34  400.96 

87  687.27 

26  474.07 

8  016.99 

6  014.88 

1  145.66 

1  288.98 

2  199.52 

12  010.50 

8  555.54 

20  278.22 

4  618.44 

10  882.29 

28  535.18 

19  404.90 

6  771.01 


Rate,  per 
unit. 


$8,410+ 
10.662-- 
2.525-- 
0.279- - 
1.827-- 
0.254-- 
0.495- - 

0222+ 


$221  078.90 


Dam  No.  1. 


(Dam  10  ft.  high,  339  ft.  long,  and  21  ft.  width  of  base.) 


Lumber  and  iron 

Carpenter  work 

Stone  quarried 

Stone,  rough  dressed 

Masonry  laid,  dry  rubble 

Earth  excavation 

Filling  above  dam 

Handling  and  hauling 

Track  and  roads 

Tools  and  plant 

Engineering  and  superintendence. 
Incidentals 


Feet,  B.  M. 
Cubic  yards. 


Total. 


86  288 

86  238 

1  467 

860 

1  467 

829 

502 


$1 

5 
1 
1 


010.65 
886.80 
008.09 
059.41 
248.11 
60.04 
425.00 
465.22 
100.18 
554.90 
477.04 
148.78 


$10  878.62 


$27,889-1- 
9.280- - 
8.410-- 
2.942-- 
0.847- - 
0.182-- 
0.846- - 


Guard  Crib  No.  1.. 
(Guard  Crib  29  ft.  10  ins.  high,  90  ft.  long,  and  11  ft.  8  ins.  wide.) 


Lumber  and  iron. 
Carpenter  work. . 
Filling  rock 


Total. 


Feet,  B.  M. 

it 

Cubic  yards. 


84  453 

84  453 

1  640 


$470.40     $13,658+ 


239.07 
567.51 

$1  276.98 


6.989-- 
0.346- - 
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TABLE  No.  4— (Continued). 

Lock  and  Abutment  No.  2. 

(Lock  masonry,  10  723  cu.  yds.;  abutment  masonry,  559  cu.  yds.) 


Item. 


Cubic  yards. 


14 
it 


Stone  quarried 

Stone  cut 

Masonry  laid,  including  cement 

Earth  excavation 

Rock  excavation 

Earth  filling 

Paving,  12  ins.  thick Square  yards. 

Turfing *»r 

Gates  and  valves.. .. 

offer-dam  and  pumping 

Handling  and  hauling 

goats  and  buildings 

rack  and  roads 

Tools  and  plant 

Engineering  and  superintendence 

ncidentals 


11  288 
8  506 

11  282 
6876 
941 
6  552 
8  967 
1  021 


Cost. 


Rate,  per 
unit. 


$16  500.14 

25  744.53 

21  830.53 

1  636.01 

005.57 

1  351.86 

2  0J0.52 

0  606.45 

2  402.10 

10  002.62 


$1,463+ 
7.161+ 
1.890+ 
0.287+ 
1.057+ 
0.208+ 

0.217+ 


3  441.87 

0  867.23 

22  512.68 

18  841.16 

5  507.10 

S146  880.67 

Total $146  880.67 

Dam  No.  2. 
(Dam  13  ft.  high,  410  ft.  long,  and  24  ft.  width  of  base.) 


Lumber  and  iron 

Carpenter  work 

Stone  quarried 

Stone,  rough-dressed 

Masonry  laid,  dry  rubble 

Earth  excavation 

Filling  above  dam 

Cement 

Hand  ling  and  hauling .............. 

Track  and  roads 

Tools  and  plant 

Engineering  and  superintendence. 
Incidentals 


Feet,  B.  M. 
Cubic  yards. 


53  556 

53  556 

8  646 

878 

8  646 

860 

607 


Total i $10  002.25  ! 


9850.01 
881.80 

3  350.85 
031.37 

1  868.20 
45.  85 
401.00 
185.00 
58U.54 
106.48 
034.03 

1  OKI. 62 
407.61 


$15,888+ 
7.138+ 
0.910-r 
1.60&+ 
0.512+ 
0.127+ 
0.662+ 


Guard  Crib  No.  2. 
(Guard  crib  28  ft.  8  ins.  high,  90  ft.  long,  and  11  ft.  6  ins.  wide.) 


Lumber  ami  iron. 
Carpen  ter  work . . . 
Filling  rock , 


Feet,  B.  M. 
Cubic  yards. 


I 


83  100 

83  100 

1  105 


Total, 


$410.80 
286.17 
263.88 

$900.85 


$12,679+ 
6.831+ 
0.238+ 


Lock  and  Abutment  No.  3. 


(Lock  masonry,  10  885  cu.  yds. ;  abutment  masonry,  530  cu. 

Cubic  yards. 


Stone  quarried 

Stone  cut 

Masonry  laid,  including  cement 

Earth  excavation 

Rock  excavation 

Earth  filling 

Paving,  12  ins.  thick Square  yards 

Gates  and  valves ' 

Handling  and  hauling | 

Boats  and  buildings , 

Track  and  roads 

Tools  and  plant i , 

Engineering  and  superintendence < , 

Incidentals ' , 


Total, 


11  415 
3  907 
11  415 
520 
500 
496 
036 


8 
2 
7 

7 


$18  923.38 

24  057.88 

20  601.00 

010.35 

2  501.68 

2  156.41 
966.48 

0  010.30 
8  510.01 

3  445.21 
2  022.80 

17  852.08 

18  802.26 
5  712.64 


$181561.47 


yds.) 

$1,657+ 
6.018-- 
1.812-- 
0.257-1- 
1.000+ 
0.287+ 
0.137+ 
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TABLE  No.  4— (Concluded). 

Dam  No.  3. 

(Dam  15  ft.  high,  650  ft.  long,  and  26  ft.  width  of  base.) 


Item. 


Lumber  and  iron 

Carpenter  work 

Stone  quarried 

Stone,  rough-dressed 

Masonry  laid,  dry  rubble 

Filling  above  dam 

Cement 

Handling  and  hauling 

Track  and  roads 

Tools  and  plant 

Engineering  and  superintendence. 
Incidentals 


Total. 


Measure. 


Feet,  B.  M. 

it 

Cubic  yards. 


it 


Quan- 
tity. 


98  759 

98  759 

6  180 

898 

6  180 

1  444 


Cost. 


i  Rate,  per 
i     unit. 


$1  874.55  I  $18,598-- 


689.77 
158.50 
408.10 
918.10 
868.85 
185.00 

1  168.84 
685.48 

2  66S.77 
1  278.22 

145.15 


$16  836.83 


7.856+ 
0.677+ 
1.171-- 
0.812- - 
0.601- - 


Guard  Crib  No.  3. 
(Guard  crib  28  ft.  8  iaa.  high,  90  ft.  long,  and  11  ft.  6  ins.  wide.) 


Lumber  and  iron 

Feet,  B.  M. 
Cubic  yards. 

88  109 

83  109 

1  090 

$468.97 
417.95 
508.58 

$14,164+ 

12.628+ 

Filling  rock 

0.462+ 

$1  890.50 

. — y 

SuMMABY. 

$233  284.50 
158  692.27 
149  288.80 

$541  215.57 

The  unit  cost  of  Lock  and  Dam  No.  3  was  considerably  below  that 
of  Nos.  1  and  2,  due  to  favorable  conditions  and  the  rapid  prosecution 
of  the  work.  The  masonry  was  begun  on  June  15th,  1893,  and  the 
lock  walls  were  finished  on  November  8th,  1893.  The  entire  masonry 
of  the  lock  was  completed,  ready  for  the  gates  and  valves,  on  Decem- 
ber 26th,  1893. 

Analyzing  the  cost  of  Lock  and  Abutment  No.  3  gives  the  per- 
centages shown  in  Table  No.  5. 
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TABLE  No.  5. 


Items. 


Cost. 


Percentage. 


Earth  excavation 

Paving 

Track  and  roads 

Earth  filling 

Rock  excavation 

Boats  and  buildings 

Incidentals 

Handling  and  hauling 

Gates  and  valves 

Engineering  and  superintendence. 

Tools  and  plant 

Quarrying 

Cement  and  laying  stone 

Stone  cutting 


Totals 


$910.85 

0.7 

906.48 

0.7 

2  082.80 

1.5 

2  166.41 

1.6 

2  601.68 

1.9 

8  445.21 

2.6 

5  712.64 

4.4 

8  510.01 

6.6 

9  919.80 

7.4 

18  892.26 

10.6 

17  852.08 

18.6 

18  928.88 

14.4 

20  691.09 

15.8 

24  057.88 

18.8 

!   9181  661.47 

100 

The  following  items  do  not  properly  enter  into  the  cost  of  the 
masonry: 

Earth  excavation $910.35 

Bock  excavation 2  501 .  68 

Earth  filling 2  156.41 

Paving 966.43 

Gates  and  valves 9  919.30 

Lock  tender's  house 1  705 .  76 


$18159.93 

This  gives  a  total  cost  of  8113  401.54  for  11  415  cu.  yds.    of  all 

classes  of  masonry,  or  $9,934  +  per  cubic  yard. 

Analyzing  the  cost  of  Dam  No.  3  gives  the  percentages  shown  in 

Table  No.  6. 

TABLE  No.  6. 


Items. 


Cement 

Incidentals 

Track  and  roads 

Carpenter  work 

Filling  above  dam 

Handling  and  hauling 

Lumber  and  iron 

Engineering  and  superintendence. 

Dressing  stone 

Laying  stone 

Tools  and  plant 

Quarrying 


$135.00 
145.15 
635.48 
689.77 
868.85 
168.34 
274.55 
278.28 
408.10 
916.10 
868.77 


4  158.50 


Totals 


$16  886.88 


Percentage. 


0.8 

0.9 

8.9 

4.2 

5.8 

7.8 

7.8 

7.9 

8.6 

11.7 

16.8 

25.4 


100 
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The  following  items  do  not  properly  enter  into  the  cost  of  the  dam 
masonry : 

Lumber  and  iron $1  274 .  55 

Carpenter  work 689.77 

Filling  above  dam 868 .85 

Cement 135.00 

$2  968.17 

This  gives  a  total  cost  of  $13  368.66  for  6  130  cu.  yds.  of  dry  rubble 
dam  masonry,  or  $2. 180  -j-  per  cubic  yard. 

The  bids  received  for  Lock  and  Dam  No.  4  are  given  in  Table 
No.  7. 

The  work  was  let  to  the  lowest  bidders,  at  the  prices  given  in  bid 
No.  3. 

The  latest  estimate  of  the  total  cost  of  this  lock  and  dam  is 
$204  500,  itemized  as  follows: 

Contract  with  lowest  bidders $166  260 

Gates,  valves  and  irons 12  400 

Buildings .• 4  400 

Engineering  and  incidentals 21  440 

Total $204  500 

No  detailed  estimates  of  the  cost  of  Locks  and  Dams  Nos.  5  to  11, 
inclusive,  have  yet  been  made. 

Commercial  Importance. 

The  modern  tendency  in  the  United  States  seems  to  be  for  railroad 
transportation  to  supersede  other  forms  of  inland  transportation.  As 
a  rule,  the  traffic  on  our  rivers  and  canals  is  decreasing  or  at  a  stand- 
still where  well-managed  railroads  have  come  in  competition,  and  the 
railroad  traffic  is  steadily  increasing.  Also,  the  general  tendency  of 
railroad  rates  has  been  downward  for  many  years,  and  the  end  is  not 

yet. 

There  are  several  reasons  for  these  conditions.  Our  rivers  and 
canals,  the  vessols  plying  upon  them,  and  the  owners  of  these  vessels, 
have,  in  many  cases,  not  kept  pace  with  modern  improvements.     They 
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are  still  trying  to  do  business  as  they  did  fifty  years  ago.  Our  rail- 
roads are  about  the  most  progressive  institutions  we  have,  and  they 
have  in  their  employ  much  of  the  very  best  talent  in  the  country. 
They  are  generally  up  to  date,  and  aggressively  fight  water  competi- 
tion, at  a  loss,  if  necessary,  and  make  it  up  elsewhere. 

Much  of  our  water  transportation  is  stopped  by  ice  for  4  or  5  months 
annually,  while  the  railroads  offer  much  quicker  transportation 
regularly  throughout  the  year  and  have  much  better  facilities  for 
distributing  freight  to  customers  at  terminals. 

There  are  a  few  exceptions  in  which  it  seems  almost  impossible  that 
railroads  can  ever  compete  with  water  transportation.  Perhaps  the 
most  notable  case  is  the  coal  traffic  in  barges  from  Pittsburg  to 
New  Orleans,  a  distance  of  2  000  miles  by  river.  Coal  is  said  to  be 
transported  over  this  route  at  an  actual  cost  of  50  cents  per  ton,  or 
£  mill  per  ton-mile.  The  low  cost  of  this  traffic  is  due  to  good  business 
.  management  and  the  enormous  quantities  transported;  50  000  tons  and 
more  are  frequently  handled  in  a  single  tow  from  Louisville  down. 
Probably  no  railroad  would  attempt  to  transport  coal  from  Pittsburg 
to  New  Orleans  for  less  than  $3  per  ton. 

The  Black  Warrior  Kiver  and  its  tributaries,  the  Mulberry  and 
Locust  Forks,  split  in  twain  the  great  Warrior  Coal  Basin,  covering 
an  area  of  some  3  000  sq.  miles,  and  containing  by  far  the  finest  and 
greatest  deposits  of  coal  south  of  West  Virginia.  It  is  only  400  miles 
by  river  from  the  heart  of  this  coal  basin  to  tide  water  at  Mobile.  The 
best  and  most  extensive  bodies  of  iron  ore  in  Alabama,  also  the  whole 
Birmingham  District,  with  its  wonderful  mineral  developments,  lie 
within  12  to  30  miles  by  rail  east  of  these  streams.  The  lock  system, 
when  completed,  will  furnish  water  transportation  throughout  the 
year,  for  ice  is  practically  unknown  in  this  climate. 

It  is  believed  that  mines  along  the  river  can  place  an  excellent 
quality  of  steam  coal,  f.  o.  b.  barge,  at  a  cost  of  about  60  cents  per 
short  ton,  and  that  the  actual  cost  of  transportation,  when  the  lock 
system  is  completed,  should  not  exceed  20  cents  per  short  ton,  or  £ 
mill  per  ton-mile,  a  rate  with  which  it  is  probable  that  railroad  trans- 
portation can  never  compete.  If  these  conditions  should  be  realized, 
not  only  coal,  but  pig  iron,  steel  and  other  mineral  products  of  the 
Birmingham  District  can  be  placed  in  Mobile  more  cheaply  than  similar 
products  can  be  placed  in  any  other  port  in  the  world.     This  should 
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result  in  an  enormous  export  trade  from  Mobile  being  rapidly  built 
up,  extending  not  only  to  the  West  Indies,  Central  and  South  America, 
but  to  the  ports  of  all  nations. 

It  is  realized  that  the  exact  cost  of  barging  coal  through  this  lock 
system  will  never  be  known  until  it  is  done  on  a  large  scale,  and  then 
will  vary  from  year  to  year  with  the  cost  of  labor,  materials  and  inci- 
dentals; but  there  is  no  doubt  that  the  cost  will  be  much  less  than  the 
present  railroad  rate  of  $1.10  per  ton.  Besides,  the  improved  river 
will  open  a  large  area  of  coal  lands,  at  present  without  railroad  facili- 
ties and  utterly  inaccessible.  Even  on  the  supposition  that  the  rail- 
roads will  build  into  this  territory  and  handle  the  traffic,  with  an 
improved  river  ready  to  compete  with  them  at  all  times,  they  would 
have  to  do  it  at  a  much  lower  rate  than  $1.10  per  ton,  and  the  public 
would  save  the  difference.  In  fact,  one  of  the  strongest  arguments  in 
favor  of  the  improvement  of  rivers  and  canals  by  the  general  govern- 
ment is  that  they  serve  to  regulate  and  control  railroad  rates  more 
effectively  than  legislation  ever  can.  Able  railroad  attorneys  can 
generally  find  some  means  of  evading  inimical  regulations  framed  by 
legislative  bodies.  Well-managed  railroads  will  probably  always  find 
some  way  of  pooling  interests  when  it  is  greatly  to  their  advantage  to 
do  so.  But  it  is  a  difficult  matter  to  pool  with  a  public  waterway* 
operated  and  maintained  by  the  general  government  without  tolls, 
because  any  town  or  individual  with  a  few  thousand  dollars  can  build 
an  independent  boat  and  "  break  the  combination. " 

For  these  reasons,  the  writer  firmly  believes  that  the  improvement 
of  these  rivers  is  pro  bono  publico,  and  therefore  worthy  of  being  done 
by  the  general  government. 
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THE  BOHIO  DAM, 

i 

I 

Discussion.*  I 


By  Messrs.  Frederic  P.  Stearns,  Boyd  Eras,  Edward  Wbomann  and 

Phtlepp  Forchheimer. 


Frederic  P.  Stearns,  M.  Am.  Soc.  C.  E. — Mr.  M orison,  in  his  inter-  Mr.  steams, 
esting  comparison  of  proposed  designs  for  the  Bohio  Dam,  has  called 
attention  to  the  resemblance  between  the  design  prepared  by  him  and 
the  North  Dike  of  the  Wachnsett  Reservoir;  and  the  writer,  thinking 
that  it  might  be  of  interest  to  the  Society  to  have  at  this  time  some 
further  information  with  regard  to  this  structure  which  is  now  being 
built,  has  prepared  the  following  description  of  its  design  and  con- 
struction. 

The  preliminary  designs  of  the  dike  were  made  by  the  speaker  in 
1894,  in  connection  with  the  preliminary  investigations  for  the  Metro- 
politan Water  Supply  made  by  the  Massachusetts  State  Board  of 
Health.  The  design  is  an  unusual  one,  and  was  the  result  of  unusual 
conditions. 

The  Nashua  Biver,  at  the  site  of  the  main  dam,  flows  through  a 
narrow  gorge  between  rocky  hills  covered  with  a  comparatively  thin 
layer  of  drift  material,  and  these  hills  rise  far  above  the  proposed 
water  level  of  the  reservoir.  Between  the  hill  on  the  north,  however, 
and  another  hill  nearly  two  miles  to  the  west,  there  is  a  sandy  plain 
having  a  general  level  about  15  ft.  below  the  water  level  in  the  reser- 
voir.   In  some  portions  of  the  plain  small  rocky  hills  or  ridges  rise 

♦Discussion  continued  from  March,  1902,  Proceedings.  See  January,  1002,  Proceed- 
ings, for  paper  on  this  subject  by  George  S.  Morison,  M.  Am.  Soc.  C.  E. 
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Mr.  Stearns,  above  its  surface,  in  other  portions  of  the  plain,  there  are  depressions 
and  gullies. 

North  of  Sandy  Pond,  which  lies  in  a  very  deep  depression, 
there  is  a  deep  cut  through  the  plain,  through  which  a  small  stream 
from  this  pond  formerly  flowed,  but  the  building  of  a  mill  dam  on  a 
stream  north  of  the  plain  backed  the  water  up  into  Sandy  Pond,  and, 
before  the  construction  of  the  dike,  the  water  stood  in  the  cut  to  a 
depth  of  from  5  to  12  ft.,  for  a  width  of  about  300  ft.  The  mill  pond 
formed  by  the  dam,  including  the  arm  connecting  it  with  Sandy  Pond, 
was  known  as  Coaohlace  Pond.  The  bottom  of  this  pond,  at  the  point 
where  the  dike  crosses  it,  is  65  ft.  below  the  proposed  water  level. 
Upon  making  borings,  it  was  found  that  the  rock  was  far  below  the 
surface  of  the  plain,  in  one  place  as  much  as  286  ft.,  so  that  it  would 
be  impracticable  to  reach  it  with  any  core- wall. 

The  geological  condition  of  the  drift  material  over  the  rock,  how- 
ever, was  much  more  satisfactory,  as  it  was  found  quite  generally  that 
the  material  above  the  rock,  with  the  exception  of  the  upper  layers, 
was  a  very  fine  and  nearly  impervious  sand. 

It  had  been  decided,  upon  sanitary  grounds,  to  strip  the  surface 
soil  from  the  whole  of  the  6}  sq.  miles  comprised  within  the  limits  of 
the  reservoir.  The  great  depth  of  the  reservoir,  and  the  conformation 
of  the  sides,  made  it  nearly  as  cheap  to  deposit  this  material  at  the 
site  of  the  dike  as  elsewhere.  The  abundance  of  material  available  at 
a  nominal  cost,  the  fact  that  less  water  would  percolate  through  a  dike 
of  great  thickness  than  through  a  thin  one,  and  the  desire  to  provide 
absolute  safety  where  such  an  enormous  amount  of  water  was  to  be 
stored,  led  to  the  adoption  of  a  design  which  is  characterized  by  very 
unusual  dimensions. 

Dimensions  of  the  Dike. — The  dike  covers  an  area  of  143  acres,  and 
will  contain  5  500  000  cu.  yds.  of  material.  It  is  2  miles  long  on  the 
water  side  at  full- reservoir  level,  65  ft.  high  at  the  deepest  place,  up  to 
this  level,  and  has  a  maximum  width  of  base  of  1  930  ft. 

In  order  to  prevent  the  percolation  of  water  through  the  upper 
layers  of  the  plain,  which,  in  most  cases,  consisted  of  coarse  sand  or 
fine  gravel,  an  excavation  known  as  the  cut-off  trench  was  made.  This 
has  a  total  length  of  9  556  ft. ,  a  bottom  width  of  30  ft. ,  and  a  maximum 
depth  of  60  ft.,  and  extends  longitudinally  under  the  crest  of  the  dike. 
For  3  124  ft.  the  trench  was  excavated  to  the  solid  rock,  and  for  the 
remaining  6  432  ft.  into  the  fine  sand. 

Wherever  the  borings  indicated  that  the  material  at  a  level  below 
the  cut-off  trench  was  somewhat  pervious,  or  where  they  showed 
streaks  of  the  coarser  sand,  sheet-piling  was  driven  in  the  bottom  of 
the  cut-off  trench.  This  sheeting  was  driven  for  a  total  length  of 
trench  of  5  245  ft.,  leaving  1 187  ft.  of  trench  without  sheeting. 

The  portion  of  the  dike  easterly  from  a  central  rocky  ridge,  known 
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Mr.  Stearns,  as  the  Easterly  Portion  of  the  dike,  presents  the  most  interesting 
problems,  and  is  shown  in  plan  by  Pig.  10,  and  in  cross-section  by  Fig. 
11.  The  characteristic  features  of  the  design  are  best  shown  on  the 
cross-sections,  one  of  them  through  the  highest  part  of  the  dike  and 
the  others  through  the  higher  ground  where  the  water  will  have  a  depth 
against  the  dike  of  only  13  and  20  ft.,  respectively,  but  where  the  per- 
vious character  of  the  upper  layers  made  it  necessary  to  excavate  a 
deep  cut-off  trench  and  fill  it  with  impervious  material. 

The  top  of  the  dike  is  to  be  17  ft.  or  more  above  the  full-reservoir 
level,  with  a  view  to  having  it  not  less  than  15  ft.  above  this  level  in 
the  future  after  the  material  has  settled. 

The  distance  through  the  dike  at  the  full-reservoir  level  is  189  ft. 
The  down-stream  slope,  as  a  rule,  is  only  3%,  but  there  are  exceptions 
to  this  rule,  and  in  some  places  the  slope  is  as  high  as  6  per  cent. 

The  water  face  of  the  dam  has  a  slope  of  2  horizontal  to  1  vertical, 
both  above  and  below  a  berm  15  ft.  in  width  and  13  ft.  below  the  full- 
reservoir  level. 

Materials  Used  in  the  Dike.  —As  already  indicated,  soil  stripped  from 
the  reservoir  is  used  for  by  far  the  greater  part  of  the  embankment  of 
the  dike.  This  was  found,  by  experiments  which  will  be  described 
subsequently,  to  be  practically  impervious,  and,  except  for  a  tendency 
to  settle  under  pressure,  to  have  a  high  degree  of  stability,  and  was, 
therefore,  used  for  filling  the  cut-off  trench  as  well  as  other  parts  of 
the  embankment. 

The  water  face  of  the  embankment  is  to  be  protected  above  the 
berm  with  a  layer  of  coarse  gravel,  7  ft.  in  thickness,  resting  on  an 
embankment  of  either  sand  or  gravel  and  covered  with  a  well-laid 
paving,  3  ft.  in  thickness,  of  large  stones  embedded  in  and  chinked 
with  broken  stone.  The  paving  will  extend  from  8  ft.  above  the 
water  level  down  to  the  berm,  but  will  diminish  in  thickness  toward 
its  upper  and  lower  ends.  Below  the  berm,  light  rip-rap  may  be 
used  in  exposed  places,  but,  as  a  rule,  a  layer  of  coarse  gravel  will  be 
sufficient. 

It  seemed  advisable  to  give  the  cut-off  trench  a  considerable 
width,  and  it  was  found  to  be  both  better  and  cheaper  to  excavate  a 
trench  with  slopes  rather  than  with  vertical  sides  protected  by  sheet- 
ing. The  open  excavation,  besides  being  cheaper  to  make,  facilitated 
the  work  of  driving  sheet-piling.  It  furnished  most  of  the  material  for 
the  sand  and  gravel  embankment  at  the  water  face  of  the  dam,  and  its 
form  is  much  more  satisfactory  than  with  vertical  sides,  where  the  trench 
is  to  be  filled  with  a  material  which  will  compress  as  it  is  loaded  more 
and  more  by  the  filling  of  material  above  it. 

A  secondary  cut-off,  of  somewhat  smaller  dimensions,  was  pro- 
vided for  a  part  of  the  length  of  the  dike,  in  the  position  shown 
on  the  cross-sections,  as  an  additional  precaution  which  could  be 
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Mr.  Stearns,  provided  at  a  small  expense.  A  secondary  embankment  of  sand  and 
gravel  was  also  added,  to  meet  a  suggestion  that  the  soil  might  lack 
stability. 

The  sheet-piling  in  the  bottom  of  the  cut- off  trench  was  an  impor- 
tant part  of  the  work,  which  was  accomplished  in  a  very  satisfactory 
manner.  The  borings  showed  the  presence  of  fine  sands,  not  wholly 
impervious,  to  a  depth  of  50  ft.,  in  many  places,  below  the  bottom  of 
the  trench,  which  made  it  desirable  to  use  unusually  long  sheeting  if 
a  method  of  driving  could  be  devised  which  could  give  satisfactory  re- 
sults. The  entire  absence  of  stones  or  other  coarse  material  indicated 
that  good  results  might  be  obtained  with  a  water- jet. 

As  it  was  impracticable  to  obtain  single  planks  for  sheeting  of  such 
great  length,  it  was  decided,  where  the  lengths  exceeded  30  ft.,  to  make 
the  sheeting  6  ins.  in  thickness  and  to  build  it  of  2-in.  planks  in  sub- 
stantially the  same  manner  as  the  Wakefield  triple-lap  sheet-piling. 
Where  the  length  was  less  than  30  ft.,  4-in.  grooved  spruce  sheeting 
was  used.  The  2-in.  planks  were  of  standard  widths,  planed  to  an  even 
thickness  and  nailed  together,  except  at  the  lower  end,  where  they 
were  bolted  to  resist  water  pressure.  The  piles  were  beveled  at  the 
bottom  for  a  part  of  their  width,  so  that  they  would  hug  the  pile  against 
which  they  were  driven. 

Spruce  lumber,  costing  about  $18  per  1  000  ft.,  B.  M.,  was  used 
for  all  except  a  short  length  at  the  bottom  of  the  pile,  where  oak  was 
substituted. 

The  piles  were  made  of  varying  widths,  generally  between  16  ins. 
and  2  ft. ,  and  they  were  quite  commonly  from  45  to  50  ft.  in  length. 
The  longest  pile  used  was  67  ft.,  and  as  they  were  left  with  their  tops 
5  ft.  above  the  bottom  of  the  trench  in  order  to  make  a  suitable  con- 
nection with  the  soil  filling,  the  greatest  depth  that  a  pile  was  driven 
into  the  ground  was  62  ft. 

For  driving  the  long  piles,  a  pile-driver,  50  ft.  high  under  the 
hammer,  was  used,  and  a  water-jet  was  used  in  all  cases.  A  large 
steam  pump  was  installed  at  the  bottom  of  the  trench,  and  a  6-in. 
wrought-iron  pipe  extended  nearly  to  the  pile-driver.  From  this  the 
water  was  conveyed  to  the  pile  by  a  3}  or  2J-in.  hose,  or  by  a  combi- 
nation of  the  two,  fastened  by  a  detachable  coupling  to  an  opening 
which  extended  from  the  side  of  the  pile,  near  its  bottom,  to  a  nozzle 
at  the  bottom  of  the  pile.  Various  kinds  of  nozzles  were  used,  to 
meet  different  circumstances.  All  of  them  furnished  a  heavy  stream 
pointing  directly  down,  and  in  general  there  was  a  stream  spurting 
back  toward  the  pile  already  driven,  to  wash  away  all  sand  from 
between  the  two  piles.  The  large  quantity  of  water  used  came  to 
the  surface  around  the  pile  and  also  around  the  hose,  keeping 
them  free  from  pressure.  The  hammer  of  the  pile-driver  was  used 
merely  to  overcome  the  friction  of  the  pile  against  the  wedges  and 
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the  pile  previously  driven,  and  to  overcome  its  buoyancy  after  the  pile  Mr.  steam*, 
was  driven  to  a  considerable  depth  into  the  ground.     When  the  pile 
had  been  driven  to  the  full  depth,  a  key,  fastened  to  a  small  wire 
rope,  was  pulled,  releasing  the  hose,  which  could  then  be  drawn  to  the 
surface. 

It  had  been  thought,  before  beginning  the  work,  that  it  might  be 
desirable  to  drive  two  rows  of  sheeting,  but  the  character  of  the  work 
done  was  so  satisfactory  that  it  was  concluded  that  one  row  would  be 
sufficient.  The  largest  number  of  piles  driven  at  one  place  in  any 
one  day  was  28.  These  piles  were  20}  ins.  wide  and  between  45 
and  46  ft.  in  length.  They  were  driven  into  the  ground  from  40 
to  41  ft. 

The  method  of  constructing  and  driving  the  sheet-piling  was  de- 
vised by,  and  the  work  executed  under  the  direction  of,  Hiram  A. 
Miller,  M.  Am.  Soc.  0.  E. ,  Engineer  of  the  Reservoir  Department. 

Where  the  trench  was  excavated  to  the  rock,  the  surface  of  the 
rock  was  carefully  washed  off  with  a  hose,  using  water  under  a  con- 
siderable pressure.  All  seams  were  carefully  cleaned  out  and,  if 
small,  filled  with  Portland  cement  mortar,  or  if  large,  with  bricks 
laid  in  the  mortar.  Brick  cut-off  walls  were  built  where  needed,  and 
the  entire  rock  surface  was  covered  with  two  coats  of  grout  put  on 
with  whitewash  brushes.  It  was  the  purpose,  in  all  this  treatment  of 
the  rock,  to  prevent  any  possibility  of  contact  between  a  concentrated 
stream,  which  might  possibly  follow  a  seam  or  narrow  channel  in  the 
rock,  and  the  soil  resting  on  the  rock.  The  area  of  the  rock  surface 
treated  in  this  way  was  77  250  sq.  ft. 

Plates  XX  to  XXII  are  views  of  the  cut-off  trench  and  sheet- 
piling  in  various  stages. 

Fig.  1,  Plate  XX,  and  Fig.  1,  Plate  XXI,  are  views  of  the  cut-off 
trench  where  sheet-piling  is  being  driven,  Fig.  1,  Plate  XXI,  showing 
the  6-in.  pipe  leading  from  the  pump  nearly  to  the  pile-driver,  and 
Fig.  1,  Plate  XX,  showing  on  the  left  the  building  in  which  the  piles 
were  built,  and  the  means  used  for  sliding  them  down  to  the  bottom  of 
the  trench. 

Fig.  2,  Plate  XX,  shows  the  interior  of  the  building  where  the  piles 
were  built. 

Fig.  2,  Plate  XXI,  shows  the  lower  portion  of  a  pile  just  before 
connecting  the  hose. 

Fig.  1,  Plate  XXII,  shows  the  method  of  treating  the  ledge  at  the 
bottom  of  the  cut-off  trench. 

Fig.  2,  Plate  XXII,  shows  a  portion  of  the  cut-off  trench  nearly 
filled  with  soil  rolled  in  6-in.  layers. 

At  the  extreme  down -stream  toe  of  the  dam,  an  embankment  of 
very  coarse  gravel  was  formed.  Its  maximum  section  is  19  ft.  high 
and  115  ft.  wide  at  the  base.     This  embankment  is  for  the  purpose  of 
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Mr.  steams,  permitting  any  water  which  may  find  its  way  through  the  dike  to  es- 
cape without  the  sloughing  of  the  material.  If  the  quantity  filtering 
should  prove  to  be  large,  there  is  a  coarse  gravel  stratum  below  the 
surface  which  could  be  tapped  by  means  of  driven  wells  to  furnish  an 
escape  for  water  filtering  through  that  stratum,  but  it  is  not  antici- 
pated that  these  wells  will  be  needed. 

Cost  of  the  Dike. — The  amount  expended  on  the  dike  up  to  the  pres- 
ent time  is  about  $500  000,  and  about  two-thirds  of  the  work  has  been 
completed. 

In  looking  at  the  cross- sections,  one  can  hardly  realize  the  relative 
cost  of  the  different  materials.  The  quantities  and  costs  of  the 
completed  dike  will  be  approximately  as  follows: 

Soil. 5  250  000  cu.  yds.,  at  $0.05     $262  500 

Cut-off  trench 542  000        "         "    0.20       108  400 

Borrowed  earth  and  graveL 200  000        "         "    0.20        40  000 

Slope-paving 50  000        "         "    2.20       110  000 

Sheet-piling,  pumping,  consolidating  soil  with  water,  and 
•     other  day's  labor  work 117  000 

$637  900 
Engineering  and  preliminary  investigations 120  000 

$757  900 
The  cost  of  the  soil  filling  cannot,  of  course,  be  very  definitely  de- 
termined, as  it  is  an  estimated  part  of  the  cost  of  stripping  and  dispos- 
ing of  the  soil  from  the  reservoir,  of  which  the  total  cost  is  from  20  to 
39  cents  per  cubic  yard.  Of  the  total  cost  of  construction,  exclusive  of 
engineering  and  preliminary  investigations,  amounting  to  $637  900, 
only  about  two-fifths  is  chargeable  to  the  great  mass  of  soil  of  which 
the  dike  is  composed,  and  only  one-sixth  to  the  cut-off  trench,  which 
is  of  such  unusually  large  dimensions.  On  the  other  hand,  the  slope- 
paving  and  sheet-piling,  which  occupy  very  little  space  upon  the 
cross-sections,  together  represent  nearly  one-third  of  the  total  cost. 
The  cost  per  linear  foot  of  dike,  including  the  engineering  and 
preliminary  investigations,  will  be  about  $75. 

The  Bohio  Dam,  as  designed  by  Mr.  Morison,  has  two-thirds  the 
bulk  of  the  North  Dike,  and  his  estimate  of  cost,  exclusive  of  protec- 
tive works,  engineering  and  contingencies,  is  one-half  greater  than  the 
cost  of  the  North  Dike. 

Investigations  on  which  the  Design  was  Based. — In  making  the  original 
design  of  the  dike,  the  writer  was  much  indebted,  for  information  with 
regard  to  the  filtration  of  water  through  fine  materials,  to  the  investi- 
gations of  Allen  Hazen,  M.  Am.  Soc.  C.  K,  upon  the  physical  proper- 
ties of  sands  and  gravels.*    As  indicated  by  Mr.  Morison,  Mr.  Hazen 

*  Report  of  Massachusetts  State  Board  of  Health  for  1800,  page  641. 


Fra.  !.— Nobth  Dtxc  Cor-orr  Trench  »nn  Pun  roa  Deuviko  6-Ikch  Sn«rrmn. 


Fia.  S, — Nobth  Dikc:  Bcii-ddio  9-Inch  Shibtino  in  Shop. 
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determined  the  laws  of  the  flow  of  water  through  sands  and  gravels  Mr.  Stearns, 
with  such  accuracy  that  he  was*  able  to  make  a  formula  to  express  the 
results.  By  the  application  of  this  formula,  it  was  evident  that  the 
very  fine  sands  found  at  a  considerable  depth  below  the  surface  would 
not  permit  enough  water  to  pass  through  them,  if  a  dike  of  great 
width  were  constructed,  to  cause  a  serious  loss  of  water,  and  it  was 
also  found  that  the  soil  which  contains  not  only  the  fine  particles  of 
organic  matter  but  also  a  very  considerable  amount  of  finely  com- 
minuted particles,  which  the 'geologist  has  termed  "rock  flour, " 
would  be  sufficiently  impermeable  to  be  used  as  a  substitute  for  a  clay 
puddle.  The  final  design,  however,  was  not  adopted  until  after  a 
most  extensive  series  of  borings  had  been  made  to  determine  the 
nature  of  the  material  at  all  depths  in  all  parts  of  the  plain,  and  an 
independent  series  of  investigations  had  also  been  made  with  the  ma- 
terials to  be  found  at  and  near  the  site  of  the  dike,  to  determine 
whether  they  would  be  suitable  for  use. 

Borings. — The  plain  at  the  site  of  the  dike  was  so  wide  that  it  per- 
mitted a  large  range  in  the  choice  of  locations,  so  far  as  could  be 
judged  from  surface  indications,  and  it  was  necessary,  therefore,  to 
locate  the  dike  by  means  of  borings. 

Owing  to  the  great  length  and  breadth  of  the  territory  to  be 
explored  and  the  great  depth  to  the  rock,  this  investigation  was  a 
most  tedious  and  expensive  one. 

Borings  were  begun  with  three  gangs  on  April  1st,  1896;  three  more 
gangs  were  added  on  August  15th  of  the  same  year,  and  the  work  was 
then  continued  without  interruption,  nearly  all  of  the  time  with  six 
gangs,  until  December  13th,  1897.  A  few  additional  borings  were  made 
in  1898.  In  all,  1 131  borings  were  made,  having  an  aggregate  depth 
of  93  553  ft.,  equal  to  about  17}  miles.  The  average  depth  was  83  ft., 
and  the  maximum  depth  286  ft. 

The  borings  were  the  ordinary  wash-drill  borings,  made  by  driving 
a  2£-in.  pipe  into  the  ground  and  washing  the  material  encountered  to 
the  top  of  the  pipe  by  a  stream  of  water  forced  into  the  bottom  of  this 
pipe  through  a  1-in.  wash  pipe  armed  with  a  drill  at  its  lower  end. 

In  many  instances  the  outer  pipe  was  driven  only  through  the 
layers  of  coarser  material,  and  the  1-in.  pipe  was  forced  down  into  the 
fine  sand,  in  which  a  hole  could  be  maintained  without  a  casing. 
Special  methods  were  used  to  obtain  trustworthy  samples  of  the 
materials  encountered. 

Professor  W.  O.  Crosby,  Geologist  of  the  Massachusetts  Institute 
of  Technology,  co-operated  with  the  engineers  in  regard  to  the  manner 
of  conducting  the  borings,  collecting  the  samples  and  interpreting  the 
results. 

The  samples  were  classified  largely  by  their  appearance,  but  other 
features  were  also  considered.     When  the  water  coming  up  the  pipe 
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Me.  Stearns,  while  making  the  borings  was  discolored  by  clay,  the  fact  was  noted 
in  the  records,  and  in  such  cases  a  sample  would  be  classified  as  more 
nearly  impervious  than  if  this  note  had  not  been  made.  The  presence 
of  clay  in  the  samples  could  also  be  determined  by  chemical  tests, 
even  though  a  large  part  of  the  clay  had  been  washed  away  and  lost. 
Many  of  the  samples  were  used  for  filtration  tests,  upon  a  small  scale, 
and  these  and  other  tests  affected  the  classification. 

Most  of  the  borings  at  the  .easterly  half  of  the  dike  were  made 
where  the  ground -water  level  was  from  35  to  50  ft.  below  the  surface, 
and  it  is  an  indication  of  the  comparative  impermeability  of  the  mate- 
rial that  the  water  discharged  by  the  1-in.  pipe  generally  came  to  the 
surface  in  a  strong  stream,  notwithstanding  there  was  a  head  of  from 
35  to  50  ft.  tending  to  force  the  water  into  the  ground,  and  that  in 
many  cases  the  sides  of  the  very  deep  holes  were  not  cased  and  the 
water  could  percolate  into  them  as  freely  as  the  material  would 
permit.  There  were  places,  however,  where  the  stream  of  water  flow- 
ing through  the  1-in.  pipe  was  wholly  absorbed  by  the  ground,  and 
such  places  were  noted  in  the  records  and  served  as  an  indication  of 
the  degree  of  permeability  of  the  strata  in  which  the  water  filtered 
away. 

Experimental  Dike. — For  the  purpose  of  making  experiments  with 
a  dike  built  of  soil,  and  for  other  experiments,  a  building,  70  ft.  long 
and  25  ft.  wide,  was  constructed.  Inside  this  building  a  water-tight 
wooden  tank,  60  ft.  long,  6  ft.  wide  and  8  ft.  high,  was  built  of  2-in. 
tongued  and  grooved  pine  planks,  planed  on  both  sides.     Within  this 
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tank  a  dike  of  soil  was  constructed,  as  shown  in  Fig.  12,  8  ft.  high,  7  ft. 
wide  on  top  and  with  a  slope  of  2  horizontal  to  1  vertical  on  the 
up-stream  side  and  4  horizontal  to  1  vertical  on  the  down-stream  side, 
except  at  the  extreme  lower  end  of  the  slope  on  the  down-stream  side, 
where  there  was  a  box,  18  ins.  high,  filled  with  gravel,  and  having 
perforated  sides,  so  as  to  allow  the  water  to  filter  out  at  the  toe  of  the 
slope  without  carrying  the  soil  with  it.  Immediately  over  the  top  of 
the  dike,  for  a  width  of  7  ft. ,  there  was  placed  3  ft.  of  soil,  so  as  to 
slightly  consolidate  the  top  of  the  dike  and  permit  the  water  to  be 
filled  up  level  with  it  without  overflowing. 

After  the  dike  had  been  formed,  the  upper  end  of  the  tank  was 
filled  with  water  to  a  depth  of  nearly  8  ft.     In  order  to  determine  the 
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pressure  in  different  parts  of  the  dike,  horizontal  pipes  were  laid  across  Mr.  Stearns. 

the  tank  through  the  soil,  near  its  bottom,  at  intervals  of  from  6  to  12 

ft.     These  horizontal  pipes  were  perforated  and  covered  with  wire 

gauze,  and  at  the  end  of  each  there  was  a  vertical  glass  tube.     As  soon 

as  the  soil  surrounding  the  pipes  became  saturated  and  under  pressure, 

the  amount  of  pressure  would  be  shown  by  the  height  of  the  water  in 

the  glass  tubes. 

Experiments  were  made  on  dikes  with  the  soil  deposited  in  different 
ways: 

1.  When  shoveled  loosely  into  the  tank  without  consolidation  of 

any  kind. 

2.  When  deposited  by  shoveling  it  into  water. 

The  soil,  which  had  been  thrown  in  loosely,  settled  as  it  became 
saturated  by  the  water  and  became  quite  compact.  After  the  pressure 
had  been  on  for  several  weeks,  the  filtration  through  the  dike  amounted 
to  only  about  1  gall,  in  22  minutes.  It  is  interesting  to  note  that  it 
was  five  days  after  the  water  pressure  was  put  on  the  dike,  before  any 
water  appeared  in  the  sixth  gauge  pipe  near  the  lower  end  of  the  dike. 

In  the  second  experiment  the  filtration  amounted  to  1  gall,  in  34 
minutes. 

In  a  third  experiment,  made  under  nearly  the  same  conditions  as 
the  second,  the  rate  of  filtration  was  1  gall,  in  35  minutes. 

In  addition  to  the  filtration  test,  the  experiments  showed  that  a 
light  section  of  dike,  composed  of 
soil  not  rammed,  would  withstand 
a  head  of  8  ft.  of  water  without 
failure. 

Filtration  Experiments. — The 
experiments  above  cited  show, 
incidentally,  that  extremely  little 
water  will  filter  through  soil, 
even  when  it  is  not  compacted, 
but  a  better  test,  particularly  of 
the  relative  filtering  capacity  of 
soils  and  sands,  can  be  obtained 
by  filtering  through  cylinders  of 
known  area. 

For  this  purpose,  five  galvan- 
ized-iron  cylinders,  having  tight 
bottoms,  were  provided  (see  Fig. 
13),  each  2  ft.  4 \  ins.  in  diameter 
and  5  ft.  high.  The  horizontal 
area,  consequently,  was  0.0001 
acre.  In  the  bottom  of  each 
cylinder  there  was  a  small  wooden 
drain,  in  the  form  of  a  cross,  leading  to  a  faucet  on  one  side  of  the 


T 


Water 


o» 


__1. 


Gravel 


Material 

to  be 

Tested 


W 


CAN  FOR  DETERMINING 
FRICTIONAL  RESISTANCE. 

Fig.  18. 


402  DI8CU88ION  OK  THE  BOHIO  DAM.  [Papers. 

Mr.  steams,  cylinder.  Oyer  the  drain  were  plaoed  stones  about  2  ins.  in  diameter 
and  on  them  smaller  stones,  diminishing  in  size,  were  added,  nntil  at  the 
top  of  a  5-in.  layer  the  material  was  either  a  fine  gravel  or  coarse  sand. 
Upon  this  layer,  which  wonld  remove  water  freely,  was  plaoed  the  fil- 
tering material  to  be  tested,  to  a  depth  of  3  ft.  8  ins.  Within  this  filter- 
ing material,  4  ins.  above  its  bottom  and  4  ins.  below  its  surface,  were 
placed  horizontal,  perforated,  brass  pipes  covered  with  wire  gauze, 
and  extending  through  the  sides  of  the  cylinder.  These  were  con- 
nected with  J-in.  vertical  glass  tubes.  The  water  to  be  filtered  was 
applied  in  a  steady  stream  at  the  top  of  the  filtering  material,  so  that 
it  stood  about  10  ins.  deep,  and  was  maintained  at  a  constant  level  by 
admitting  more  than  would  filter,  allowing  the  surplus  to  pass  over 
an  overflow.  When  the  experiment  was  in  progress  the  water  appeared 
in  the  glass  tubes,  and  rose  in  each  of  them  to  a  height  due  to  the 
pressure  of  the  water  in  the  filtering  material  in  immediate  contact 
with  the  corresponding  perforated  brass  pipe.  The  difference  in  the 
height  of  water  in  the  glass  tubes  showed  the  amount  of  head  lost  by 
filtering  the  amount  of  water  passing  through  the  material.  When 
it  was  desired  to  filter  with  a  smaller  loss  of  head  than  that  due  to  a 
free  outlet  at  the  bottom  of  the  tank,  a  stop-cock  was  partly  closed,  so, 
that  the  water  in  the  glass  tube  connected  with  the  lower  brass  pipe 
would  rise. 

Experiments  were  made  with  gravel,  sand  of  all  grades,  and  soil 
from  various  locations,  such  as  upland  and  intervale. 

The  experiments  confirmed  those  of  Mr.  Hazen,  by  showing  that  the 
loss  of  head  was  directly  proportional  to  the  quantity  of  water 
filtered,  and  substantially  confirmed  his  conclusion  that  the  quantity 
filtered  will  vary  as  the  square  of  the  diameter  of  the  smaller  grains 
of  the  filtering  material.  The  smaller  grains  referred  to  are  those 
which  separate  the  finer  10%  from  the  coarser  90%,  and  are  the 
grains  which,  according  to  Mr.  Hazen 's  experiments,  determine  the 
"  effective  size  "  of  the  material  for  filtration. 

To  give  all  the  experiments  in  detail,  with  the  results  of  the 
mechanical  analyses  of  the  materials  used,  would  require  more  space 
than  it  seems  desirable  to  use  in  this  discussion.  The  experiments 
with  coarse  and  fine  gravel  are,  therefore,  omitted,  and  those  with 
sand  are  grouped  together  in  four  grades,  in  Table  No.  6. 

TABLE  No.  6. — Amounts  of  Fn/TRATioN,  in  Gallons  pur  Day, 
Through  an  Area  of  10  000  3q.  Ft.  of  Different  Materials, 
with  a  Loss  of  Head  of  1  Ft.  in  10. 


Coarse  sand,  average  of  three  experiments. . 
Medium  sand,  average  of  six  experiments. . . 

Fine  sand,  average  of  two  experiments 

Very  fine  sand,  average  of  two  experiments. 
Soil,  average  of  ten  experiments 


2800  000 

400  000 

90  000 

7200 

610 


—North  Dnt«:  CoT-orr  Thkkch,  Showiho  Trratmekt  or  Lbdob. 


-  -North  Dim:  Filliho  Cdt-oit  Thknch  with  Bon- 
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In   order  to  express  the  results  with  a  convenient  nnit  of  area,  Mr.  Steams. 
10  000  sq.  ft.  has  been  adopted  for  the  filtering  area,  and  a  loss  of  head 
or  slope  of  1  ft.  in  10. 

It  is  of  interest  to  note  the  very  great  difference  between  the 
amount  of  filtration  through  the  coarse  sand  and  the  very  fine  sand, 
and  also  to  note  how  much  less  water  filters  through  the  soil  than 
through  the  finest  sand.  The  ratio  of  filtration  through  the  various 
materials,  as  compared  with  the  filtration  through  soil,  is  more  clearly 
shown  if  each  of  the  figures  is  divided  by  510,  so  that  the  amount  of 
filtration  through  soil  will  be  the  unit,  as  follows: 

Coarse  sand 4  353 

Medium  sand 784 

Fine  sand 176 

Very  fine  sand 14 

Soil 1 

There  was  some  question,  in  view  of  the  very  small  amount  of 
water  filtering  through  the  soil,  whether  there  might  not  have  been 
some  accumulation  of  air  in  its  interstices,  which  diminished  the 
amount  of  filtration,  and  it  was  therefore  decided  to  experiment  on 
the  horizontal  filtration  of  water  through  soil.  For  this  purpose  the 
large  wooden  tank  used  for  the  experimental  dike,  for  a  length  of 
about  50  ft.,  was  filled  to  the  top  with  soil  taken  from  an  upland 
pasture.  In  order  to  retain  the  50-ft.  section  of  soil  in  place,  and  to 
allow  the  ingress  and  egress  of  the  water  without  disturbing  the  soil, 
screens  were  placed  about  55  ft.  apart,  and  about  2J  ft.  of  porous  sand 
and  gravel  were  filled  in  between  the  screens  and  the  ends  of  the  sec- 
tion of  soil.  The  soil  was  rammed  in  3-in.  layers,  and  special  care 
was  taken  to  prevent  any  water  from  following  along  the  sides  of  the 
tank.  At  each  end  of  the  tank  a  space  was  left  unfilled  with  earth, 
and  one  of  these  spaces  was  filled  with  water  to  a  depth  of  7.85  ft., 
while  at  the  other  end  a  free  outlet  was  maintained. 

After  the  experiment  had  been  continued  for  more  than  a  month 
the  amount  of  filtration,  although  somewhat  variable,  averaged  about 
1.7  galls,  in  24  hours,  indicating  that  the  rate  of  filtration  was  as  low 
as  that  obtained  by  the  experiments  in  the  galvanized- iron  tanks.  The 
tightness  of  this  soil  dam  could  be  better  appreciated  by  seeing  it 
than  by  a  statement  of  the  figures.  Although  the  section  of  dam  was 
6  ft.  long  and  very  nearly  8  ft.  high,  the  leakage  from  the  outlet 
amounted  to  only  32  drops  in  a  minute. 

To  test  the  filtiation  through  soil  under  greater  pressure,  a  10-in. 
pipe,  to  which  a  cover  could  be  bolted,  was  used  in  the  place  of  the 
galvanized -iron  tanks,  and  the  pressure  upon  soil  8  ft.  in  thickness 
was  raised  as  high  as  65  lbs.  per  square  inch,  equal  to  a  head  of  150 
ft.,  and  the  results  were  not  materially  different  from  those  deduced 
from  the  experiments  in  the  galvanized-iron  tanks. 


-18  x  12-in.  Timber 

20  Ton  Hydraulic  Jack 
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Mr.  Stearns.  As  the  soil  to  be  used  in  the  dike  contained  from  4  to  8%  by  weight 
of  organic  matter,  the  question  arose  as  to  whether,  if  this  organic 
matter  were  to  disappear,  the  soil  would  not  become  permeable.  To 
determine  this  point  comparative  filtration  experiments  were  made  in 
the  10-in.  pipe  with  soil  as  it  came  from  the  ground,  and  again  after 
the  organic  matter  had  been  burned  out  of  it  at  the  mining  laboratory 
of  the  Massachusetts  Institute  of  Technology. 

Experiments  were  made  for  eight  weeks  with  the  natural  soil  and 
for  eleven  weeks  with  incinerated  soil,  with  the  result  that  about  one- 
fifth  more  water  filtered  through  the  latter  than  through  the  former. 

Stability  of  Soil. — The  question  having  arisen  as  to  whether  soil 
when  saturated  would  not  be  so  mobile  that  it  would  not  withstand 
the  pressure  of  water,  two  experiments  of  the  same  kind  were  made; 
one  with  upland  and  the  other  with  intervale  soil.  Each  gave  sub- 
stantially the  same  results. 

To  make  the  experiments,  the  soil  was  filled  into  the  large  tank 
already  described  and  compacted  so  as  to  form  an  embankment  2  ft. 
wide  on  top,  6  ft.  high  and  with  slopes  of  2  horizontal  to  1  vertical  on 
both  sides,  as  shown  in 
Eig.  14.  The  embank- 
ment was  then  saturated  8  ft. 
by  filling  the  tank  on 
both  sides  of  the  em-  6ft* 
bankment  with  water  to 
a  height  of  5  ft.  above 
the  bottom.  The  top  of 
the     embankment     was  Fl°*  14, 

covered  with  4-in.  planks  each  2  ft.  long,  and,  running  lengthwise  of 
the  embankment.  On  these  planks  was  placed  a  12  x  14-in.  hard  pine 
beam,  6  ft.  long,  extending  across  the  tank.  Two  large  jack-screws 
were  placed  between  this  beam  and  another  securely  fastened  above 
it,  and  were  operated  so  as  to  press  the  planks  into  the  soil.  The  ap- 
paratus did  not  permit  of  an  exact  measurement  of  the  pressure,  but 
it  was  between  28  and  42  tons  applied  to  12  sq.  ft.,  making  the  press- 
ure probably  about  3  tons  per  square  foot.  The  4-in.  planks  were 
pressed  down  into  the  soil  a  little  more  than  6  ins.,  but  the  embank- 
ment was  so  stable  that  there  was  only  a  very  slight  bulging  at  the 
sides  a  short  distance  below  the  water  level,  showing  that  there  was 
enough  friction  between  the  particles  of  which  the  soil  was  composed 
to  make  it  stable. 

This  experiment,  in  addition  to  showing  the  stability  of  the  soil, 
was  also  interesting  as  showing  the  extent  to  which  soil  would  com- 
press under  heavy  pressure.  Immediately  below  the  planks,  where 
the  pressure  per  square  foot  was  greatest,  the  soil  became  hard  and 
compact. 


4-in.  Plunk      f<  i,  .  - 12  x  12  ins. 
'--   ■  . 
Surface ^^y    '   "^    ^i*1?!"— 

Embankment 

of  ! ;  Soil 

\i 

y— -iixu-ii* 
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The  engineer  in  charge  of  the  experiments  states  that  his  weight  Mr.  Stearns. 
would  easily  push  a  sharp-pointed  steel  rod,  J  in.  in  diameter,  down 
to  the  bottom  of  the  tank  through  the  part  of  the  embankment  which 
had  not  been  subjected  to  pressure,  and  that  directly  under  the  planks 
the  soil  was  so  compact  that  his  weight  would  force  it  down  only  from 
6  to  8  ins.  This  result  is  in  line  with  other  experiments  subsequently 
made  upon  the  compression  of  soil,  and  with  practical  experience 
where  large  banks  of  soil  which  have  stood  for  a  considerable  time 
have  been  re-excavated.  The  compressed  soil  needs  a  pickaxe  to 
loosen  it,  and  is  very  different  from  loose  soil  such  as  one  sees  dug 
from,  the  ground  or  dumped  from  a  train. 

Will  Filtration  Cause  a  Fine  Material  to  Penetrate  a  Coarse  One? — 
The  question  haying  been  raised  as  to  whether  soil  filled  into  a  sand 
and  gravel  trench  might,  when  the  pressure  was  applied,  penetrate 
the  interstices  of  the  sand,  it  was  decided  to  make  the  following  ex- 
periment, notwithstanding  the  fact  that  it  is  well  known,  from  practi- 
cal experience  with  water  filtration,  that  fine  particles  are  not  carried 
to  any  considerable  extent  into  the  interstices  of  the  sand.  The  10- in. 
cylinder,  already  re/erred  to,  was  filled  to  within  3  ins.  of  the  top 
with  medium  sand  and  then  3  ins.  of  soil  were  put  on  the  top,  the  end  of 
the  cylinder  was  closed,  and  water  was  applied,  with  a  pressure  of  65 
lbs.  per  square  inch.  The  water  was  allowed  to  filter  through  the  soil 
and  sand  for  a  week,  and  upon  examination  at  the  end  of  this  time 
there  was  no  indication  of  any  movement  of  the  soil  or  that  any  of  it 
had  worked  into  the  sand. 

Permanence  of  SoiL — An  engineer  naturally  dislikes  to  use,  in  an 
important  and  permanent  structure,  a  material  which  is  not  permanent, 
and  the  question  was,  therefore,  raised  as  to  whether  soil  which  is 
known  to  contain  a  considerable  amount  of  organic  matter  would  be 
permanent.  It  was  thought  best  to  refer  this  matter  to  experts,  and 
Mr.  Allen  Hazen  and  Professor  W.  O.  Crosby  were  requested  to  report 
upon  it. 

They  agreed  in  their  separate  reports  that  organic  matter  would 
disappear  very  slowly,  indeed,  except  by  oxidation  with  free  oxygen 
present;  that  in  the  portion  of  the  dike  which  was  saturated  there 
would  be  very  little  water  filtering  from  the  reservoir,  and  the  free 
oxygen  obtained  from  this  source  would,  therefore,  be  very  small;  also, 
with  regard  to  oxygen  contained  in  the  rainwater  which  fell  upon  the 
dike,  that  it  would  be  removed  from  the  water  as  it'filtered  through  the 
upper  layers  of  the  soil.  Their  main  conclusion,  therefore,  was  that 
the  process  of  oxidation  below  the  line  of  saturation  would  be  ex- 
tremely slow,  requiring  many  thousands  of  years  for  the  complete 
removal  of  the  organic  matter,  and  that  the  tightness  of  the  dike 
would  not  be  materially  affected  by  any  changes  which  are  likely  to 
occur.     There  will,  no  doubt,  be  some  settling  of  the  material  of  the 
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Mr.  Stearns,  dike  in  the  coarse  of  years,  mostly  in  the  portions  above  the  line  of 
saturation,  but,  as  due  allowance  haB  been  made  in  the  height  of  the 
filling  for  this  settlement,  it  will  do  no  serious  harm.  Below  the  line 
of  saturation,  which  is  the  only  place  where  changes  in  the  condition 
of  the  soil  can  do  any  harm,  there  is  a  heavy  pressure  upon  the  soil, 
caused  by  the  weight  of  the  upper  layers,  and  the  material  is  sure  to 
remain  compact,  even  if  some  of  the  organic  matter  should  be  removed 
by  chemical  action.  Mr.  Hazen,  in  his  report,  suggested  that  this 
heavy  load  was  likely  to  push  the  grains  of  mineral  matter  nearer 
together  and  to  crowd  the  organic  matter  into  the  interstices,  so  that 
the  disappearance  of  organic  matter  from  the  compressed  soil  would 
cause  less  settlement  than  from  soil  that  was  not  compressed. 

At  the  bottom  of  the  deeper  portions  of  the  cut-off  and  of  the 
maximum  section  of  the  dike  there  is  a  pressure  of  about  4  tons  to  the 
square  foot  upon  the  bottom  soil,  and  of  nearly  a  ton  per  square  foot 
upon  the  soil  at  the  limit  of  saturation.  Attention  has  already  been 
called  to  the  experiment  which  Bhowed  that  the  soil  with  all  organic 
matter  removed  was  practically  water-tight. 

Comparison  of  Dike  with  Existing  Dams. — Fig.  15  shows  eight  com- 
parisons between  the  North  Dike  and  existing  earth  dams.  Where  the 
existing  dam  had  less  height  than  the  maximum  section  of  the  North 
Dike,  the  comparison  is  made  with  a  section  of  the  dike  having  the 
same  height  up  to  the  water  level;  where  the  existing  dam  was  higher 
than  the  North  Dike,  the  comparison  is  made  with  the  maximum  sec- 
tion  of  the  dike.  The  black,  heavily-shaded  portion  is  in  every  case 
the  existing  dam,  while  the  light  shading  represents  the  North  Dike. 
The  black  central  walls  shown  in  connection  with  several  of  the  exist- 
ing dams  are  clay  walls,  in  every  case  excepting  the  Sudbury  Dam, 
where  the  wall  is  of  concrete,  plastered  on  its  up-stream  face.  Similar 
comparisons  were  made  with  many  other  dams,  and  they  showed 
similar  results,  namely,  that  the  dimensions  of  the  North  Dike  are  far 
in  excess  of  those  of  any  structure  of  this  kind  which  has  been  built. 
The  Jeypore  Dam  has  no  core- wall,  and  is  composed  largely  of  sand 
and  other  light  earth,  resting  upon  a  foundation  of  the  same  general 
character. 

Stability  of  Dams. — At  this  time,  when  not  only  the  great  dams  of 
the  Isthmian  Canal  are  under  consideration,  but  there  is  much  discus- 
sion in  the  engineering  papers  with  regard  to  the  stability  of  earth 
dams,  and  many  accounts  of  the  failure  of  masonry  dams,  it  seems 
opportune  to  discuss  briefly  the  stability  of  dams  in  general. 

In  order  that  a  dam  may  fail  it  is  obviously  necessary  that  the 
material  of  whioh  it  is  composed  must  move,  either  as  a  whole  or  in 
part,  under  the  pressure  or  the  flow  of  water.  If  a  dam  haB  great 
bulk  and  weight  and  a  reasonable  degree  of  stability  it  cannot  fail  by 
sliding  on  its  base  or  by  overturning  as  a  whole,  but  must  fail  by  some 
separation  of  the  parts. 
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Mr.  Stearns.  In  the  case  of  earth  dams,  failures  have  generally  occurred  from  the 
"wearing  away  of  the  material  by  a  current  of  water,  either  flowing- 
over  the  top  of  the  embankment  or  through  some  passageway  formed 
in  the  dam,  in  connection  with  a  pipe  through  it  or  by  some  burrowing 
animal. 

Occasionally,  an  earth  dam  with  steep  slopes,  or  one  with  flatter 
slopes  in  which  the  material  on  the  down-stream  side  retains  the 
water,  will  fail  through  the  sloughing  of  the  down-stream  slope,  but  the 
speaker  does  not  know  of  any  instance  in  which  the  earth  confined  in 
or  under  a  dam  has  been  moved  by  the  filtration  of  water  through  it. 

The  tendency  among  many  engineers  at  the  present  time  seems  to- 
be  to  pay  more  attention  to  the  materials  and  method  of  construction 
than  to  bulk.    Many  masonry  dams  have  been  built  upon  a  somewhat 
theoretical  cross-section,   without  taking  into  account   the  upward 
pressure  of  water  on  the  base  of  the  dam  and  the  many  uncertain- 
ties as  to  what  will  actually  occur  when  the  dam  is  put  under  great 
pressure;  as  a  result,  the  failures  of  masonry  dams  over  which  large 
quantities  of  water  flow  have  been  numerous.     A  comparison  of  the 
sections  of  such  structures  with  the  seotions  of  the  upper  part  of 
masonry  dams  which  rise  to  a  considerable  height  above  the  water, 
like  the  New  Croton  Dam    and    the  Waohusett   Dam,    shows   the 
relatively  small  weight  of  these  spillway  sections,  and  no  amount  of 
good  workmanship  will  compensate  for  the  failure  to  provide  sufficient 
weight. 

The  writer  has  frequently  been  asked  why  he  did  not  use  Portland 
cement  throughout  the  whole  section  of  the  Wachusett  Dam,  and  hia 
answer  has  been  that,  except  in  the  parts  of  the  dam  where  Portland 
cement  has  been  used,  natural  cement  will  withstand  all  the  pressures 
that  can  occur,  and  that  with  natural  cement  the  same  amount  of 
money  will  build  a  dam  of  so  much  greater  weight  as  to  provide  abso- 
lute security  against  sliding  or  overturning. 

In  the  case  of  earth  dams,  the  bulk  is  necessarily  large,  so  that 
with  well-constructed  dams  there  are  practically  no  cases  of  failure, 
except  where  the  material  has  been  washed  away  by  a  current  of 
water. 

In  the  case  of  the  North  Dike,  the  top  being  15  ft.  or  more  above 
the  full-reservoir  level  and  10  or  12  ft.  above  any  height  which  is  likely 
to  be  reached  during  freshets,  it  is  impossible  that  any  water  should 
ever  run  over  the  top.  There  are  no  pipes  or  structures  through  the 
dike  to  form  channels  through  which  any  current  of  water  could  flow 
to  removes  the  material.  The  dike  is  protected  against  burrowing 
animals  by  the  paving  and  broken* stone  protection  on  the  water  face, 
extending  8  ft.  above  and  13  ft.  below  the  reservoir  level,  but  even 
without  this  protection  an  animal  would  have  to  burrow  289  ft.  to  reach 
a  point  on  the  down-stream  side  of  the  dike  3  ft.  below  the  water 
level. 


Papers.]  DI8CU88ION  OK  THE  BOHIO   DAM.  409 

There  is  another  advantage  in  haying  a  great  mass  of  material  Mr.  Stearns. 
above  the  water  line  of  the  reservoir,  which  is  worthy  of  consideration, 
viz.,  that  in  the  event  of  the  brief  control  by  an  enemy  or  a  mob  it 
would  be  impossible  to  remove  enough  material  to  cause  the  failure  of 
the  dam. 

The  filtration  through  the  dike  will  be  so  slow,  and  will  take 
place  where  there  is  such  a  load  upon  the  material,  that  there  can 
be  no  possible  movement  of  the  particles  on  account  of  this  filtra- 
tion. 

The  precautions  taken  at  the  down-stream  toe  of   the  dike  are 
such  that  the  water  cannot  accumulate  and  cause  it  to  slough,  and 
even  if  any  trouble  of  this  kind  should  occur  it  would  take  place  so 
far  from  the  principal  part  of  the  dike  that  it  could  be  remedied  before  . 
any  trouble  could  possibly  occur. 

In  the  case  of  the  plan  proposed  by  Mr.  Morison  for  the  Bohio 
Dam,  the  writer  believes  that  it  cannot  fail  to  be  safe  if  the  crest  is 
built  so  high  that  floods  or  waves  cannot  possibly  overtop  it,  and  if 
the  dam  is  properly  built.  Such  a  large  mass  of  material,  in  a  dam 
which  is  constructed  so  as  to  be  less  pervious  near  the  reservoir  than 
toward  the  down-stream  toe,  cannot  be  pushed  or  washed  away.  If  a 
large  amount  of  water  should  filter  through  the  material  under  the 
dam  and  come  out  at  the  lower  end,  it  may  cause  some  movement  of 
material  in  the  vicinity  of  the  toe  unless  precautions  are  taken  to  pre- 
vent it.  Few  engineers  who  deal  with  filtration  would  wish  to  say  that 
they  could  not  design  the  down -stream  portion  of  such  a  dam  in  a  way 
to  permit  the  water  filtering  through  the  dam  to  come  to  the  surface 
without  carrying  earth  with  it.  There  are  many  large  natural 
springs  at  the  base  of  sand  or  gravel  banks,  and  large  quantities  of 
water  filtering  into  artificial  excavations,  which  furnish  examples  of 
water  coming  to  the  surface  without  disturbing  the  material  through 
which  it  comes. 

While  referring  to  the  percolation  through  such  a  dam,  it  may  be 
well  to  call  attention  to  the  comparative  sections  of  permeable  mate- 
rial of  the  Bohio  Dam  and  the  North  Dike,  as  illustrated  by  Mr.  Mori- 
son  in  Fig.  8.  The  area  of  this  material  at  the  North  Dike  as  shown 
by  him  is  correct,  and  it  is  larger  than  the  area  given  for  the  Bohio 
Dam.  The  degree  of  fineness  of  the  material,  however,  is  very  differ- 
ent. He  states  that  the  effective  diameters  of  certain  samples  from 
the  Bohio  Dam  average  by  their  squares  1. 11  mm.  Making  allowance 
for  these  samples  being  coarser  than  the  average  sample  of  permeable 
material  and  for  the  fine  material  lost,  he  suggests  that  the  average 
diameter  of  the  material  in  place  may  be  taken  at  0.60  mm.  The  ma- 
terial classed  as  "  permeable  "  at  the  North  Dike  has  an  effective  diam- 
eter of  about  0.20  mm.,  and,  since  the  percolation  varies  as  the  square 
of  the  diameter,  the  percolation  at  the  North  Dike,  with  the  same  loss 
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Hr  steams.  0f  bead,  would  be  less  than  one-sixth  of  the  percolation  per  unit  of 
area  at  the  Bobio  Dam. 

The  design  of  the  North  Dike  was  prepared  after  consultation 
with  Joseph  P.  Davis  and  A.  Fteley,  Members,  Am.  Soo.  C.  E.,  and 
Mr.  Hiram  F.  Mills,  A.  M.,  C.  E.,  of  Lowell,  Mass.,  and  the  final 
design  received  the  approval  of  these  engineers.  Thomas  F.  Rich- 
ardson, M.  Am.  Soc.  C.  E.,  Engineer  of  the  Dam  and  Aqueduct 
Department  of  the  Metropolitan  Water-Works  made  most  of  the  pre- 
liminary investigations,  and  Hiram  A.  Miller,  M.  Am.  Soc.  C.  E., 
Engineer  of  the  Reservoir  Department,  completed  the  investigations, 
worked  out  the  details  of  the  design,  and  has  had  charge  of  tbe 
execution  of  the  work. 

Mr.  Etaie.  Boyd  Ekle,  Assoc.  M.  Am.  Soo.  C.  E. — Mr.  Morison  has  covered  tbe 
subject  so  thoroughly  on  its  theoretical  side  that  little  can  be  said 
in  addition.  There  is  one  point,  not  mentioned  in  the  paper,  which 
would  be  in  favor  of  the  construction  proposed  by  the  author  at 
Bohio.  It  is  probable  that  it  would  be  safer  in  case  of  earthquake 
action  than  a  masonry  or  a  core- wall  dam.  This  subject,  however, 
received  the  careful  consideration  of  the  Isthmian  Canal  Commission, 
and  was  passed  over  as  not  being  a  serious  danger.  It  may  have 
been  similarly  dismissed  in  this  paper.  The  recent  earthquakes  on 
the  Isthmus,  however,  have  cracked  the  masonry  and  adobe  walls,  at 
times,  quite  seriously,  and,  in  more  severe  shocks,  might  be  a  factor  to 
be  reckoned  with  in  canal  construction.  Their  action  would  have  no 
more  effect  on  the  elevated  plateau  that  Mr.  Morison  proposes  than  on 
any  other  part  of  the  impounding  reservoir. 

Mr.  Stearns  has  shown  an  earthen  dam,  under  a  head  of  70  ft.,  per- 
forming its  duty  efficiently  in  spite  of  the  leakage.  A  similar  case,  on 
a  somewhat  smaller  scale,  occurred  in  the  writer's  early  experience,  in 
building  an  intake  dam  for  a  reservoir  on  a  small  stream.  The  channel 
was  closed  by  a  timber  weir  abutting  on  a  sand  and  gravel  point,  in 
deference  to  the  wishes  of  the  Water  Commissioners.  Sheet-piling, 
driven  lengthwise  of  the  weir  to  a  practically  impermeable  stratum,  was 
quite  effective,  but  there  was  considerable  seepage  around  this  and 
through  the  gravelly  material,  which  was  shown  by  large  springs  at  the 
foot  of  the  bank.  This  occurred  under  a  head  of  about  12  ft.  As  there 
was  plenty  of  water,  and  the  bank  held,  anxiety  was  dulled,  and  the 
reservoir  has  served  its  purpose  for  a  long  time. 

In  the  great  irrigation  reservoirs  of  India  there  are  earth  embank- 
ments, miles  in  extent  and  greater  in  height  than  Mr.  Morison  pro- 
poses. These  were  built  by  native  carriers  with  baskets,  and  compacted 
by  elephants,  and  they  do  their  duty  as  surely  as  the  fine  masonry 
dams  built  by  the  English  engineers.  Given  sufficient  earth,  there 
must  be  a  limit  to  the  size  of  a  great  mound  which  will  impound  water. 
This  is  the  situation  on  the  Panama  Canal,  where  there  is  a  quantity 
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of  material  greatly  in  excess  of  that  which  Mr.  Morison  proposes  to  Mr.  Ehie. 
use,  and  which  mast  be  wasted.     If  it  is  once  on  the  cars  it  can  just  as 
well  be  dumped  in  the  Bohio  dam,  although  there  seems  to  be  no  doubt 
in  the  chain  of  reasoning  that  the  dimensions  proposed  will  be  ample. 

In  regard  to  Mr.  North's  statement  that  the  90- ft.  pressure  on  this  * 
bank  of  material  might  produce  a  movement  that  would  endanger  the 
dam,  it  would  seem  that  this  objection,  if  probable,  would  apply  with 
much  greater  force  to  a  light  core-wall  dam.  Of  course,  by  using 
pneumatic  caissons  the  dam  would  not  be  tight,  either  at  the  base  or 
around  the  sealing  caissons.  It  would  seem  to  be  impossible  to  sink 
them  to  the  great  depths  proposed,  on  a  straight  line,  as  drawn  on  the 
plan;  and  if  there  was  a  movement,  by  earthquake  or  pressure,  it 
would  be  but  an  earthen  dam,  subject  to  seepage,  but  of  very  much 
less  section  than  Mr.  Morison's  dam.  It  is  not  by  any  means  granted 
that  the  core-wall  will  be  troubled  by  pressure,  and,  without  doubt, 
the  dam,  as  planned,  would  be  a  safe  and  conservative  design,  but 
the  earthen  dam  may  perform  similar  duty  and  be  more  economical. 

As  Mr.  Morison  has  located  his  dam  far  enough  above  the  Com- 
mission's site,  it  would  seem  wise  to  build  it,  against  all  objections. 
It  would  be  as  cheap  as  any  temporary  dam,  and  it  seems  very  prob- 
able that  it  would  be  as  efficient.  If  any  serious  doubts  as  to  safety 
arose,  it  would  be  of  great  service  in  building  the  Commission's  dam. 

A  point,  foreign  to  the  paper,  has  been  interjected  into  the  discus- 
sion, in  regard  to  the  probable  unheal th fulness  in  building  the  dam, 
on  the  basis  of  the  statement,  that  "  each  tie  Of  the  Panama  Bail  way  has 
cost  a  man's  life."  To  anyone  acquainted  with  the  conditions,  this  is  a 
gross  exaggeration.  Citizens  of  the  United  States,  long  in  the  employ 
of  the  Panama  Railway,  seem  to  have  no  such  knowledge  of  great 
mortality,  and  have  no  trouble  with  the  climate.  Whatever  measure 
of  truth  there  is  in  this  story  is  due  to  .the  entire  absence  of  any  sani- 
tary precautions  and  a  proper  water-supply  system.  The  water  carts 
in  Panama  often  take  their  supply  from  wells  that  drain  the  yellow- 
fever  burying  grounds.  Again,  it  must  be  recognized  that  the  Panama 
Route,  almost  from  the  discovery  of  the  Continent,  has  been  a  great 
highway,  without  a  proper  quarantine.  It  is  very  probable  that,  if  the 
work  is  undertaken  by  the  United  States  Government,  the  same  strict 
regulations  which  were  enforced  at  Bavana,  Santiago  and  elsewhere  in 
Cuba  would  be  equally  efficient  at  Panama  or  Nicaragua. 

Another  point,  also  brought  up,  but  foreign  to  the  paper,  is  the 
question  of  relative  economy  of  a  dam  at  Bohio  and  at  Conchuda, 
in  Nicaragua.  The  site  of  the  latter  dam  is  very  dissimilar  to 
that  at  Bohio,  being  in  a  rocky  gorge  without  any  proper  location 
for  a  separate  spillway,  such  as  the  Gigante,  so  that  the  dam  must  act 
as  a  weir,  and  have  controlling  works  on  the  crest  for  the  regulation 
of  the  summit  level.    It  would  seem  that  the  Commission's  plan  is  the 
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Mr.  EhJe.  correct  engineering  solution.  As  has  been  pointed  out,  it  is  the  duty 
of  the  engineer  to  adopt  the  most  economical,  effective,  and  safe  tool 
for  a  certain  purpose,  not  any  one  or  an  elaborate  one. 

It  seems  probable  that  the  reason  earthwork  dams  have  been  going 
*  out  of  use,  as  engineering  has  become  more  scientific,  is  on  account  of 
the  lack  of  method  in  analysis.  If  this  is  so,  the  formulas  given  by 
Mr.  Morison  place  this  structure  on  the  same  plane  as  the  retaining 
wall  and  others.  Even  in  bridge  and  structural  iron-work  there  is  a 
considerable  factor  of  ignorance. 

Mr.  Wcgmann.  Edwabd  Wegmann,  M.  Am.  Soc.  C.  E. — (by  letter). — The  plan  pro- 
posed by  Mr.  Morison  for  the  Bohio  Dam  is  so  much  more  economical 
than  either  the  plan  of  the  French  engineers,  or  that  recommended  by 
the  Isthmian  Canal  Commission,  that  it  certainly  deserves  very  careful 
consideration. 

A  dam  built  in  this  manner  would  certainly  be  water-tight  itself, 
and  the  only  leakage  that  might  occur  would  be  due  to  percolation 
through  the  permeable  material  below  the  proposed  sheet-piling.  Such 
leakage,  if  it  did  not  exceed  the  amount  estimated  by  Mr.  Morison, 
would  be  of  no  consequence. 

In  constructing  dams  for  impounding  water  for  a  domestic  supply, 
it  is  generally  necessary  to  make  them  so  tight  that  practically  no 
water  is  lost,  except  by  evaporation.  In  storing  water  for  irrigation 
or  for  supplying  a  canal,  such  water- tightness  in  a  dam  may  not  be 
necessary. 

If  Mr.  Morison's  estimate  is  even  approximately  correct,  the  loss  of 
water  by  percolation  under  the  dam  would  be  relatively  unimportant. 
We  may  doubt  whether  Mr.  Hazen's  formula  for  the  flow  of  water 
through  a  uniform  layer  of  sand  is  applicable  to  a  mixed  layer  of  sand, 
gravel,  etc.,  such  as  probably  exists  under  a  part  of  the  proposed  Bohio 
Dam,  but,  on  the  other  hand,  there  is  no  question  that  there  would  be 
a  silting  up  which  would  steadily  diminish  the  loss  by  percolation. 

Should  the  loss  of  water  from  this  cause  prove  to  be  much  greater 
than  that  estimated  by  Mr.  Morison,  so  as  to  impair  seriously  the  use- 
fulness of  the  reservoir,  this  loss  could  be  diminished  very  materially 
by  sinking  wells,  by  dredging,  or,  if  necessary,  by  pneumatic  caissons 
on  the  down-stream  side  of  the  proposed  dam,  or  in  the  earthen  part 
of  the  dam,  a  little  up  stream  from  the  down-stream  rock-fill.  If  the 
latter  plan  should  be  adopted,  the  earth  filling  at  the  place  where  the 
wells  or  caissons  would  have  to  be  sunk  might  be  omitted  until  the 
remainder  of  the  dam  was  completed,  when  experience  would  show 
whether  the  percolation  had  to  be  checked.  The  expensive  work  of 
sinking  wells  or  caissons  could  thus  be  postponed  until  it  was  found 
to  be  absolutely  necessary. 

The  water  percolating  beneath  the  proposed  sheet-piling,  which  is 
to  extend  50  ft.  below  tide,  would  move  with  a  very  slow  velocity,  have 
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little  head,  and  could  certainly  be  checked  at  the  down-stream  side  of  Mr.  Wegman: 
the  dam. 

Wells  sunk  by  dredging,  as  suggested  by  Mr.  M orison,  placed  as 
closely  together  as  possible  and  filled  with  concrete  would  probably 
suffice  for  this  purpose.  Grout  might  be  forced  between  the  wells,  as 
low  down  as  a  diver  could  work,  to  check  still  more  the  percolation. 
If  it  were  deemed  necessary,  pneumatic  caissons  could  be  sunk  on  the 
down-stream  side  of  the  dam,  but  even  in  this  case,  Mr.  Morison's  plan 
would  probably  be  cheaper  than  that  proposed  by  the  Isthmian  Canal 
-Commission,  as  he  has  adopted  a  shorter  location,  needs  no  concrete 
core-wall  in  the  dam,  and  proposes  to  construct  the  dam  mainly  of 
waste  material  from  excavations  made  for  the  canal. 

Of  course,  future  borings  may  show  reasons  for  modifying  the 
opinion  expressed  herein,  but  the  additional  facts  that  may  be  ascer- 
tained are  just  as  likely  to  be  for  as  against  the  plan  proposed  by  Mr. 
Morison. 

Phelipp  Forchhktmeb*  (by  letter). — The   formula  used   by  the  Mr.  Forch- 
author  for  the  calculation  of  the  seepage  is  backed  not  only  by  Mr. 
Hazen's  experiments  but  also  by  those  made  by  Seelheim,  Hagen  and 
Krober.    For  a  temperature  of  10°  Cent.,  Mr.  Hazen  puts  V  =  450  to 

1  200  d?  -T-,  d  being  the  effective  diameter  of  the  sand.  The  propor- 
tion of  the  mean  diameter  of  grain*  dm9  to  the  effective  diam- 
eter,  d,  varies  very  much.     For  dn  =  1.73,    dM  or  rfm2  =  3d2.    Mr. 

Hazen's  formula  would  show  V-^~  to  lie  between  112  and  400  am, 

•or  the  relation,  V-r*    :  <fm9  to  be  between  112  and  400.   According  to 

.the  other  experimentists,  the  corresponding  figures  are  as  shown  in 
Table  No.  7. 

TABLE  No.  7. 


heimer. 


' 

Seelheim. 

• 

0.88 
810 

• 

a 

i 

i 

to 

i 
1 

0.68 
824 

KrOber. 

d„                -  

0.16 
388 

0.28 
819 

0.48 
828 

0.64 
867 

0.7 
868 

0.9 
426 

1.86 
814 

2.1 

vl    :    <*     =   

856 

h           « 

If  the  sand  is  but  slightly  soiled  by  other  substances  the  velocity 
diminishes  very  much.     Professor  Masoni,  for  instance,  used  different 

*  Profeesor  of  Hydraulics  at  the  A.  D.  K.  K.  Technlschen  Hochschule,  Gratx, 
Austria. 
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Mr.  Ferch-  sands  taken  from  the  seaside  near  Naples,  and  from  Mount  Vesuvius, 
He  did  not  wash  his  sand  as  thoroughly  as  Mr.  Hazen,  and  Table  No. 
8  shows  that  most  of  his  velocities  were  much  smaller  in  comparison. 

TABLE  No.  8. 


Sand. 


Effective  diameters,  in  millimeters 

Masoni's  speed  for  head,  fc,  equal  to  dis- 
tance, Z,  in  meters  per  day 

Speed,  in  meters  per  day,  according  to 

Hazen's  formula,  V-  1000d«  y*  h   being 

=  h 


I. 

n. 

Ha. 

in. 

IV. 

V. 

0.56 

0.46 

0.46 

0.46 

0.40 

0.88 

881 

0.8 

88 

47 

40 

16 

SOS 

308 

808 

818 

100 

144 

VL 

0.97 
11 

187 


If  sandy  soil  contains  clay  to  such  an  extent  that  the  clay  fills  up 
the  interstices  between  the  grains  of  sand  entirely,  the  percolation  is 
so  insignificant  as  to  render  the  compound  practically  impervious. 
Seelheim  made  some  accurate  experiments  on  the  percolation  through 
sandy  clay  consisting  of  pure  clay,  powdered  chalk,  quartz  sand  and 
water  (Alj  03,  Si  02  +  2.3  Hj  O).  According  to  his  formula,  as  recti- 
fied by  the  writer,  the  rate  of  flow,  at  a  temperature  of  12°  Gent,  in 
meters  per  day  is  only 

1_  0.0011  clay  -f-  0.0023  chalk  •       water       v  > 

1  000      water  +  sand  +  clay  -f-  chalk       \clay  +  chalk,) 


v=- 


the  words  clay,  chalk,  etc.,  meaning  the  volumes  of  the  ingredients 
mixed. 

In  Nature,  clean  sands  or  gravels  are  rare,  and  the  permeability 
of  alluvial  deposits  is  therefore  mostly  a  slight  one.  Public  water 
supplies  are  generally  taken  from  the  most  permeable  strata  that  can 
be  got  at.  The  investigations  made  for  water- works  are  therefore  of 
special  interest.  Table  No.  9  gives  the  velocities  (taken  for  the  entire 
cross-section  of  soil)  which  ground- water  of  about  10°  Cent.,,  or  50° 
Fahr.,  acquires  at  a  gradient  of  h  :  I  =  90  :  2  500  =  0.036,  in  some 'of 
the  underground  drifts  studied  for  public  supply  : 

TABLE  No.  9. 


Town. 


Speed,  in  millimeters  per  second. 
Speed,  in  feet  per  second 


S 

o 


0.068 
0.000884 


00 


0.179 
0.000668 


1 

oq 


0.009 
0.000898 


t 


0.148 
0.000486 


0.084 
0.00011210 


0.061 
.000166 


-— 1 
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At  90°  Fahr.,  speeds  are  two-thirds  higher  than  they  are  at  50°;  Mr.Forch- 
but,  even  at  that  high  temperature,  the  speed  in  none  of  the  quoted 
grounds  would  come  near  to  the  0.002  ft.  per  second  taken  into  account 
by  the  author.  Besides,  it  must  be  noted  that  some  of  these  grounds 
contain  gravel  and  pebbles  some  inches  in  thickness.  It  is  thus  ap- 
parent that  to  use  Mr.  Hazen's  formula,  which  refers  to  well- washed 
sand,  means  to  be  on  the  safe  side,  as  indeed  the  author  wishes  to  be. 

But  there  is  one  more  danger  to  be  feared,  and  that  is  the  formation 
of  springs.  This  depends  entirely  on  the  uniformity  of  the  Bohio 
subsoil.  Natural  passages,  in  more  or  less  impervious  soil,  filled  with 
permeable  material,  are  dangerous,  if  they  are  much  narrower  at  the 
outlet  than  in  the  interior  and  near  the  water-basin.  As  the  same 
volume  of  water  flows  through  the  whole  length  of  such  a  drift,  its 
velocity  will  be  inversely  proportional  to  its  cross-section.  The  whole 
head  of  water  will  always  be  used  for  the  flow,  and  but  little  of  it  will 
be  lost,  where  the  cross-section  is  considerable  and  the  movement 
slow.  Thus  the  main  part  of  the  head  of  water  will  be  left  for  the  ' 
outlet,  causing  the  water  to  gush  out  of  it  and  wash  away  the  sand.  It 
is  difficult  to  say  beforehand  whether  or  not  the  washing  out  will  proceed 
far  enough  into  the  interior  to  constitute  a  real  danger  for  the  dam. 
It  may  be  well  to  add  that  furrows  cut  into  impervious  eaxtk  and  filled 
with  pervious  sand  are  to  be  dreaded  too,  if  the  water  flow  enters  with 
a  big  cross-section  and  issues  with  a  very  reduced  one,  because  the 
speed  increases  with  the  reduction  of  the  cross-section.  All  these 
dangers  are  exceedingly  diminished  by  the  great  breadth  of  the  pro- 
posed embankment.  Besides  this,  there  is  another  well-known  fact 
that  gives  security,  and  which  has  been  pointed  out  by  the  author.  It 
is,  that  turbid  waters  clog  their  beds  with  their  deposits. 

As  the  writer  had  to  occupy  himself  with  a  question  of  seepage  of 
some  importance  two  years  ago,  he  thinks  that  some  figures  about  it 
will  be  of  interest.  They  refer  to  the  seepage  from  the  river  Lech  into 
the  discharging  oanal  of  the  electric  works  of  Gersthofen,  in  Bavaria. 
The  soil  consists  of  a  bed  of  tertiary  fUnz  covered  by  gravel.  The 
former  varies  in  its  character  between  loam  and  loamy  sand,  and, 
although  some  water-bearing  veins  occur,  it  may  be  considered  as 
practically  water-tight.  The  gravel  is  pervious,  and  the  writer— using 
Fossa-Mancini's  trough — found  the  frictional  resistance  to  be 

/  -  10*  +  10* 
V being  the  velocity,  in  meters  per  day.  The  surface  of  the  flint  was 
slightly  inclined  and  showed  some  undulations  or  furrows.  When  a 
great  part  of  the  excavation  was  finished,  the  writer  tested  his  calcu- 
lations. The  strip  of  land  between  the  river  and  the  excavation  was 
250  ft.  broad.  He  calculated  a  seepage  of  91.4  cu.  ft.  per  second  for  a 
length  of  13  500  ft.  of  the  oanal,  whereas  he  only  measured  46. 8  ou.  ft. 
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Mr.  Forch-  per  second.  Part  of  the  difference  between  the  results  of  calculation 
and  measurement  was  due  to  the  fact,  that  the  gravel  had  been  leas 
closely  packed  in  the  trough  than  it  was  in  its  natural  state  ;  but  the 
principal  reason  was  probably  the  clogging  of  the  river-bed  by  sedi- 
ment. 

According  to  the  foregoing  formula,  used  for  the  seepage  at  Gerst- 
hofen,  the  friction  in  gravel  increases  at  a  higher  rate  than  the  speed. 
This  fact  agrees  with  the  experiments  or  calculations  of  other  authors, 
as  Smreker,  von  Welitsohkowsky,  Masoni  and  Hazen.  The  writer 
tested  the  adaptability  of  formulas  having  the  shape 

±  =  aV+bV*9 

as  well  as  formulas  having  the  shape 

a,  b>  m  and  n  being  constants.  He  found  the  first  form  to  correspond 
more  accurately  to  the  facts  in  Nature  than  the  second  one.  The 
difference  between  the  two  formulas,  however,  proved  to  be  only  a 
slight  one  as  regarded  the  Gersthofen  material,  and  the  writer's 
researches  about  it  resulted  in  the  figures  shown  in  Table  No.  10. 

TABLE  No.  10. 


V.  In  meters  per  day 

A -^       Lot 

l   "  10*     T  10*        * 

i   ~    to* 

4  me-ured 


10.7 

87.5 

68.6 

64.7 

67.8 

90.8 

0.010 

0.081 

0.078 

0.107 

0.088 

0.161 

0.010 

0.085 

0.061 

0.107 

0.118 

0.167 

0.010 

0.060 

0.070 

0.107 

0.110 

0.170 

100.8 
0.180 

0.188 
0.190 


The  writer  is  not  aware  as  to  whether  any  of  the  subsoil  of  the 
Bohio  dam  contains  material  of  such  coarse  structure  as  to  be  cal- 
culated by  a  formula  of  the  shape 

JJL^aV+bV2, 

:  but  he  would  like  to  call  attention  to  this  possibility. 
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Discussion.* 


By  Messrs.  Horace  J.  Howe  and  Joseph  P.  Caklin. 


Horace  J.  Howe,  M.  Am.  Soc.  C.  E.— Mr.  Goodrich  has  referred  Mr.  Howe, 
to  the  speaker's  paper  on  piles  and  pile-driving, f  which  went  into  the 
subject  from  a  historical  and  experimental  standpoint. 

Since  that  time  few  detailed  tests  have  come  to  the  speaker's 
notice,  the  most  interesting  being  those  at  the  Annapolis  Naval  Acad- 
emy during  the  construction  of  the  sea-wall,  a  year  or  more  ago,  and 
partially  described  by  J.  P.  Carlin,J  Jun.  Am.  Soc.  C.  E.,  of  the  con- 
tracting firm  which  did  this  work.  He  states  that  five  piles  were  loaded 
singly,  to  the  ultimate,  and  that  the  results  were  compared  with  the 
Wellington  (Engineering  News)  formula,  as  shown  in  Table  No.  2. 

TABLE  No.  2. 


Pile. 

Safe  load 

as  per 
formula. 

Actual 

ultimate 

load. 

• 

Remarks. 

1... 

88000 
40  000 
88000 
88800   , 
50  000 

75000 
85  000 
84  000 
88000 
110  000 

Point  in  mud  and  sand. 

8 

n                       it                                 11. 

8. 

Point  in  mud. 

4 

Pile  in  sand. 

5. 

tt             u 

*  Continued  from  February,  1008,  Proceedings.  See  December,  1001,  Proceedings^  for 
paper  on  this  subject  by  Ernest  P.  Goodrich,  Jun.  Am.  Soc.  C.  E. 

t  Journal  of  the  Association  of  Engineering  Societies,  April,  1886. 
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Mr.  Howe.  The  third  test  pile  was  entirely  in  mud,  and  the  factor  of  safety 
was  assumed  as  one,  in  designing  the  sea-wall  at  that  point.  It 
seems,  however,  that  both  the  formula  and  the  load  actually  sup- 
ported gave  figures  which  were  too  small,  and  that  the  wall  settled 
for  100  ft.  in  length. 

Mr.  Carlin  can  doubtless  supply  farther  details. 

In  the  paper  above  referred  to,  after  a  somewhat  exhaustive  review, 
the  speaker  called  attention  to  the  fact  that  single  test  piles,  whether 
separate  or  taken  from  a  cluster,  are  inadequate;  and  that  a  test  is 
accurately  adequate  only  when  it  fulfills  all  of  the  subsequent  de- 
signed conditions  of  loading,  and  covers  a  sufficient  area  and  lasts 
for  a  sufficient  period  of  time.  The  failure  of  this  wall  is  testimony 
as  to  the  soundness  of  these  conclusions. 

Half  a  century  ago,  at  Fort  Delaware,  Major  Sanders  made  two  sets 
of  experiments  on  clusters  of  four  piles  each,  and  extended  his  ob- 
servations on  the  same  for  some  years;  afterward  evolving  his  well- 
known  formula.  Recent  reports  (1897)  as  to  the  masonry  indicate  no 
settlement,  and  the  conclusion  is  that,  under  exactly  those  conditions, 
Sanders'  formula  is  to  be  considered  applicable. 

Looked  at  from  the  standpoint  of  his  contribution  to  the  subject,  it 
may  be  that  a  formula  is  not  such  a  forlorn  hope,  after  all,  as  some 
have  been  in  the  habit  of  thinking;  and  that  in  expert  hands  it  may 
attain  positive  value. 

It  is  hoped  that  the  profession  may  hear  further  from  Mr.  Good- 
rich along  these  lines,  and  that  he  will  extend  his  clever  observations 
and  give  us  and  himself  the  satisfaction  of  checking,  or,  if  necessary, 
revising  his  mathematics. 

Mr.  Carlin.  Joseph  P.  Cabun,  Jun.  Am.  Soc.  C.  E.  (by  letter).—In  an  article 
by  the  writer  a  description  is  given  of  some  tests  of  piles,  in  connec- 
tion with  the  construction  of  a  sea-wall  at  the  Annapolis  Naval 
Academy,  of  which  the  following  is  an  abstract: 

Tests  Nos.  1  and  2  were  on  the  same  pile,  although  the  second  test 
was  on  the  pile  after  it  had  been  driven  6  ft.  further. 

The  original  borings  had  indicated  hard  bottom  at  a  uniform  depth 
of  40  ft.  below  the  river  bed,  excepting  at  one  point,  where  they 
showed  a  depth  of  mud  of  70  ft.,  with  7  ft.  more  of  mud  and  sand 
before  hard  bottom  was  reached.  This  point,  therefore,  was  selected 
for  the  site  of  the  tests. 

The  usual  data  were  taken  during  the  driving.  Then  the  head  of 
the  pile  was  squared  and  dowelled,  and  a  timber  frame,  slung  by  means 
of  wire-rope  lashings,  was  securely  fastened  about  the  3-in.  steel 
dowel.  To  prevent  lateral  swaying,  four  guys  were  run  out  from  the 
head,  and  their  ends  made  fast  to  powerful  kedge  anchors.  These 
guys  were  very  nearly  horizontal.     The  pile  was  then  loaded  with 

*  The  Engineering  Record,  May  11th,  1001. 
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anchor  chains  and  shot,  each  shot  haying  been  weighed  separately  and  Mr.  Cariin. 
tagged.     The  frame  weighed  more  than  9  tons. 

The  sea-wall,  along  the  site  of  the  tests,  has  been  finished.  For 
abont  200  ft.  of  wall  the  piles  were  in,  sand,  and  there  has  been  no 
settlement.  The  next  100  ft.,  however,  was  in  mud  (Test  No.  8),  and 
there  has  been  a  settlement  of  10 ins.,  which  was  subsequently  arrested 
by  driving  additional  re-enforcement  piles  of  greater  length,  and 
blocking  up  from  them  under  the  wall. 

In  conclusion,  the  writer  believes  that,  while  the  first  two  tests 
indicated  fair  results,  the  third  demonstrated  that,  considered  inde- 
pendently, the  Wellington  formula,  or  any  other,  is  practically  useless. 
The  fourth  and  fifth  tests  give  a  striking  lack  of  uniformity  in  the 
results. 

It  seems  to  be  very  necessary  that  the  conditions  surrounding  the 
pile  be  the  same  as  will  be  the  case,  ultimately,  in  the  permanent 
structure;  and  that  this  test  pile  be  observed  during  a  period  as  long 
as  the  opportunity  will  permit,  certainly  not  less  than  two  or  three 
months.  If  it  be  not  possible  to  apply  this  time  test,  a  oarrying- 
eapacity  experiment  would  be  no  more  satisfactory  than  the  resort  to 
the  ordinary  penetration  records,  together  with  an  intelligent  investi- 
gation of  borings,  both  governed  by  experience  with  variable  con- 
ditions. 
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SOME  DEVICES   FOR  INCREASING  THE  ACCU- 
RACY OR  RAPIDITY  OF  SURVEYING 

OPERATIONS. 

Discussion.* 


By  Walter  Losing  Webb,  Assoc.  M.  Am.  Soo.  G.  £. 


Mr  Webb.       Walter  Lortng  Webb,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter.) — The 
writer  feels  gratified  at  the  interest  in  the  subject  which  has  evidently 
been  aroused  by  the  paper.     A  large  part  of  the  discussion  consists  of 
the  description  of  similar  "  devices  for  increasing  the  accuracy  or 
rapidity  of  surveying  operations/'  and  needs  no  comment.     The  dis- 
cussion, however,  has  developed  the  need  for  some  further  explanations. 
The  plane-table  alidade  described  in  the  paper  was  an  old-style  instru- 
ment, having  originally  a  fixed  vertical  arc  on  the  standard  and  a 
vernier  arm  rigidly  attached  to  the  telescope  axis.     The  accuracy  of 
the  vertical  angle  depended  on  the  leveling  of  the  plane-table  board. 
To  have  adopted  the  essential  features  of  the  United  States  Geologi- 
cal Survey  alidade  or  the  United  States  Coast  and  Geodetic  Survey 
alidade  (Figs.  1  and  2,  Plate  XIV)  would  have  required  an  unprofit- 
able reconstruction  of  an  old  instrument.     In  fairness  to  the  design, 
however,  it  should  be  pointed  out  that,  as  the  amplitude  of  motion  of 
the  vernier  arc  is  very  small,  it  was  possible  to  place  the  vernier  level 
between  the  standards,  where  it  is  well  protected  from  accidental  blows, 
and  the  writer  believes  that  the  design  shown  is  as  free  from  probable 

*  Continued  from  March,  1908,  Proceedings.    See  December,  1901,  Proceeding*,  for 
paper  on  this  subject  by  Walter  Loring  Webb,  Assoc.  M.  Am.  Soc.  C.  E. 
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disturbances  of  adjustments  as  some  of  the  others,  although  the  newer  Mr.  Webb, 
types  have  unquestioned  advantages;  and,  after  all,  it  was  the  princi- 
ple of  a  quickly  adjustable  vernier  to  which  the  writer  wished  to  call 
attention,  and,  at  the  time  that  the  University  of  Pennsylvania 
plane-table  alidade  was  thus  modified  (several  years  ago)  according  to 
the  writer's  plans,  he  had  never  seen  even  an  illustration  of  a  similar 
device. 

There  is  no  need  of  adopting  a  special  method  of  numbering  the 
figures  on  the  two  verniers  on  a  shortened  vertical  arc,  as  a  means  of 
distinguishing  positive  and  negative  vertical  angles.  If  the  line  of 
collimation  is  so  nearly  level  that  any  doubt  exists  as  to  the  direction 
of  its  slope,  a  mere  glance  at  the  large  bubble  underneath  the  tele- 
scope will  instantly  answer  the  question  beyond  a  possibility  of  con- 
fusion. 

It  is  possible  that  greater  accuracy  is  obtainable  when  a  long  striding 
level  is  used  on  a  plane-table  telescope  and  the  telescope  is  first  leveled 
for  each  "  shot;"  but  it  should  be  remembered  that,  after  the  telescope 
has  been  leveled,  it  must  be  raised  or  lowered  until  the  horizontal  cross- 
wire  is  at  the  proper  reading  on  the  rod.  While  taking  that  reading, 
there  is  nothing  to  indicate  whether  the  table  may  have  been  jarred 
while  the  telescope  was  being  adjusted,  or  whether  some  slight  knock 
which  it  received  had  any  appreciable  effect  in  altering  its  adjustment. 
By  the  other  plan,  the  vernier  level  will  always  indicate  the  leveling  of 
the  table.  By  one  method  the  telescope  must  actually  be  brought 
level  between  every  shot,  besides  reading  the  vernier.  By  the  other 
method  no  time  is  necessarily  lost.  The  vernier  level  will  at  once 
indicate  whether  a  true  vertical  angle  may  be  obtained,  regardless  of 
the  precise  leveling  of  the  table  itself.  Frequently,  several  shots  may 
be  taken  without  re-leveling,  and  even,  when  necessary,  a  mere  touch 
of  the  adjusting  screw,  made  very  quickly,  will  suffice  to  restore 
the  adjustment.  Practical  experience  with  this  device  has  shown  this 
to  be  the  case.  The  loss  in  time  due  to  re-leveling  for  every  shot, 
therefore,  is  much  more  than  that  admitted  by  Mr.  Matthes  on  page 
281.* 

The  stadia  slide  rule  was  of  course  designed  to  obtain  differences  of 
elevation  as  a  function  of  £  sin.  2a,  and  that  is  its  principal  use.  The 
comment  regarding  sin.2a,  in  the  paper,  was  made  to  show  the  desira- 
bility of  obtaining  a  function  of  sin.2a,  rather  than  a  function  of  cos.2a, 
which  is  the  function  obtained  on  most  other  stadia  slide  rules. 

The  writer  admits  that  a  greater  range  of  vertical  adjustment  of  the 
tape  tension  apparatus  would  have  been  desirable.  Experience  has 
shown  that  the  range  for  lateral  and  longitudinal  adjustment  is  ample, 
and  that  it  simply  requires  more  care  in  setting  up  the  apparatus  in  its 
proper  place  to  get  it  within  the  range  of  the  vertical  adjustment. 

*  Proceedings,  Am.  8oc.  C.  E.,  for  March,  1902. 
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LINE    AND   SURFACE    FOR    RAILWAY    CURVES. 

Discussion.* 


By  Messrs.  James  E.  Geddes  and  ChabiiBs  A.  Mobse. 


Mr.  Geddes.  Jambs  K.  Geddes,  M.  Am.  Soc.  G.  £.  (by  letter). — The  transition 
spiral  described  by  Mr.  Went  worth  seems  to  be  well  adapted,  indeed, 
to  the  revision  of  lines  where  the  track  has  already  been  laid,  in  that, 
as  a  rule,  it  does  a  minimum  amount  of  violence  to  the  original  loca- 
tion. It  would  seem  to  be  much  less  complicated  than  such  spirals  as 
the  Searles,  and  fully  as  easy  to  stake  out  when  once  the  necessary 
computations  are  made. 

However,  like  nearly  all  transition  curves  so  far  presented  to  the 
professional  public,  it  seems  to  be  objectionable  on  account  of  the 
difficulty  of  calculating  and  laying  out  the  revised  line,  and  keeping 
the  track  to  proper  alignment  after  the  change  has  been  made.  Few 
railways  in  this  country,  as  yet,  can  keep  a  force  of  engineers  in  the 
field  all  the  time  giving  centers  to  the  trackmen,  and  such  curves,  even 
when  monumented,  would  be  difficult  or  impossible  to  keep  in  proper 
alignment  by  the  average  track  force.  If  the  transition  curve  could 
be  made  comparatively  short,  and  simple  tables  and  rules  worked  out 
for  the  cases  likely  to  occur  in  practice,  so  that,  when  once  located, 
the  section  men  could  keep  the  curve  in  proper  alignment,  much 
would  be  done  to  popularize  this  desirable  curve.     As  it  is,  the  aver- 

•  This  discussion  (of  the  paper  by  Charles  C.  Wentworth,  M.  Am.  Soc.  C  E..  printed 
in  Proceedings  for  February,  1902):  is  printed  in  Proceedings  in  order  that  the  Tiews 
expressed  may  be  brought  before  all  members  of  the  Society  for  further  discussion. 

Communications  on  this  subject  received  prior  to  May  94th,  1908,  will  be  published 
subsequently. 
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age  railway  man—whether  he  be  an  engineer  or  not— with $his  strenn-  Mr.  GMdee. 
oris  life,  is  very  prone  to  fight  shy  of  transition  curves,  with  a  lot  of 
formulas  that  are  simple  enough,  perhaps,  had  he  the  time  to  consider 
them  carefully  as  to  their  adaptability  to  his  particular  needs,  and  had 
he  track  men  who  could  handle  the  curves  as  they  do  other  routine 
track  matters. 

Chakles  A.  Mobse,  M.  Am.  Soc.  C.  E.  (by  letter). — The  author  Mr.  Morae. 
shows  by  his  diagrams  that  he  carries  the  low  rail  at  the  grade  line 
and  puts  all  the  elevation  in  the  outer  rail.  The  Committee  on 
"  Track,"  in  the  Third  Annual  Convention  of  the  Maintenance  Asso- 
ciation, made  a  similar  recommendation,  and  it  was  accepted  by  the 
Con vention  without  a  word  of  discussion,  which  would  seem  to  indicate 
that  it  was  the  practice  on  most  railroads,  or  that  the  matter  had  been 
given  little  thought. 

The  practice  originated  with  track  men,  when  engineers  on 
maintenance  were  not  employed  to  any  extent,  and,  under  the  cir- 
cumstances, was  the  best  they  could  do,  as  they  had  to  have  one  rail  to 
grade,  to  surface  the  track;  but  even  then  it  was  recognized  that  it 
increased  the  curve  resistance,  and  this  was  prevented,  by  some  track 
men,  by  running  the  outside  or  upper  rail  to  grade  and  lowering  the 
inside  rail  to  get  the  elevation. 

This  could  not  be  done  without  a  good  deal  of  expense,  except  in 
cases  where  the  track  was  being  raised  several  inches,  and  the  result 
was  the  general  use  of  the  inside  rail  as  a  grade  rail. 

The  cause  of  this  practice,  however,  has  disappeared  on  the 
larger  roads  at  the  present  time,  as  engineers  are  considered  as  a 
necessary  part  of  the  maintenance  force,  and  are  called  upon  to  re- 
center  curves  whenever  they  get  to  riding  poorly,  and  also  to  set 
stakes  for  the  proper  elevation  of  the  "outer  rail."  Everyone  who 
has  had  occasion  to  plot  a  profile  of  a  piece  of  track  for  the  purpose  of 
laying  ballast  grades  has  noticed  the  "hump  "  in  the  surface  of  the 
plotted  center-line  elevations,  caused  by  all  the  elevation  being  given 
to  the  outer  rail,  and  could  not  fail  to  see  the  effect  on  the  train 
resistance  at  that  point. 

The  grade  is  compensated  on  curves  to  offeet  the  curve  resistance, 
but,  when  all  the  elevation  is  given  to  the  outer  rail,  the  first  200  or  300 
ft.  of  the  curve  has  really  a  heavier  grade  than  the  maximum  on  the 
tangent  next  to  it. 

The  result  of  this  practice  is  the  too  common  idea  that  the  train 
resistance  is  increased  for  slow  trains,  when  the  track  is  elevated 
for  fast  passenger  service,  but  the  fault  is  in  the  way  in  which 
the  elevation  is  put  up,  and  not  in  the  fact  that  there  is  elevation 
given. 

Elevation  on  curves  should  be  divided.  The  outside  rail  should  be 
elevated  one-half  and  the  inside  rail  depressed  one-half  of  the  full 
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Mr.  Moree.  amount  of  elevation  required  for  the  speed  of  the  fast  train,  and  in  this 
way  the  center  of  the  track  is  kept  at  the  true  grade,  and  the  loaded 
does  not  have  to  be  raised,  bnt  follows  the  compensated  grade  line, 
laid  down  on  the  profile. 

While  stakes  are  being  set,  it  is  as  easy  to  set  them  this  way  as  the 
other,  and  they  would  not  require  re-setting  any  oftener  than  the  ease- 
ment curves  would  require  re-centering,  and  this  could  be  done  at  the 
same  time. 

While,  perhaps,  it  is  not  advisable  to  lower  track  to  get  the 
depression  for  the  inside  rail,  yet  most  roads  are  constantly  raising 
track,  and  the  desired  result  could  gradually  be  obtained  by  holding 
the  inside  rail  down  and  not  lifting  it  at  all,  and  in  this  way,  in  two 
or  three  surfacings  of  the  curve,  the  elevation  would  be  divided 
so  that  half  would  be  above  and  half  below  the  grade  line.  On 
roads  where  ballasting  is  being  done,  there  is  no  trouble  in  staking  it 
at  once. 

Why  this  old  track  man's  expedient  for  elevating  track  should  have 
survived  and  be  recommended  in  this  day  of  improvement,  and  espe- 
cially when  tonnage  is  the  great  question  of  the  day,  can  be  explained 
only  by  the  fact  that  it  is  one  of  the  small  things  which  have  not  been 
looked  after,  but  when  it  is  given  as  good  practice,  by  maintenance 
associations  and  writers  on  track  work,  it  is  time  to  call  a  halt  and  look 
into  the  matter. 

To  illustrate  the  effect  on  a  tonnage  train  of  the  full  elevation 
being  given  to  the  outer  rail,  take  the  case  of  a  2°  30'  curve  on  a  maxi- 
mum grade  of  0.80  ft.,  which  is  put  up  for  a  passenger  train  speed  of 
60  miles  per  hour.  The  outer  rail  would  be  elevated  6  ins.,  and  the 
center  of  the  track  would  be  raised  half  of  this,  or  0.25  ft.  Now,  if  the 
easement  is  200  ft.  long,  the  rate  of  the  grade  on  the  first  100  ft.  of 
easement  would  be  0.885  ft.,  and  if  the  grade  was  compensated  0.05  ft 
per  degree,  the  rate  on  the  second  100  ft.  would  be  0.845,  whereas  the 
profile  grade  on  the  first  100  ft.  is  0.76  and  on  the  second  100  ft.  0.72; 
in  other  words,  the  maximum  grade  is  exceeded  at  the  very  point  where 
compensation  is  required. 

A  train  coming  upon  a  curve  put  up  in  this  way,  when  its  speed  is 
reduced  to  10  or  even  6  miles  per  hour,  and  it  is  pulling  every  ton  it  is 
rated  for,  feels  this  increase  of  grade,  and  is  slowed  up  and  often  stalled 
before  getting  far  on  the  curve.  The  lighter  the  maximum  grade,  the 
greater  is  the  resistance  to  tonnage  trains  when  all  the  elevation  is 
obtained  by  raising  the  outer  rail. 

The  increase  of  the  grade  on  the  easement  to  a  curve  is  the  more 
objectionable  from  the  fact  that  it  is  on  this  part  of  the  curve  that 
the  greatest  resistance  is  felt  from  the  friction  of  the  body  of  the  car 
on  its  side  bearings.  As  soon  as  the  elevation  begins,  the  center  of 
gravity  of  the  load  is  moved  toward  the  inside  rail,  the  load  comes 
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down  on  the  side  bearings  on  that  side,  and  as  the  radius  of  the  curve  Mr.  Hone, 
on  the  easement  is  constantly  changing,  so  is  the  angle  between  the 
truck  and  the  body  of  the  car,  and  the  pressure  on  the  side  bearings 
tends  to  prevent  this  movement  and  retard  the  speed  of  the  train. 
After  the  car  gets  on  the  regular  curve,  the  angle  of  the  truck  remains 
constant,  the  movement  on  the  side  bearings  is  small  and  its  effect  is 
less. 

That  this  advantage  to  tonnage  trains  is  recognized  and  taken  into 
account  is  shown  by  the  fact  that  one  of  the  great  systems  of  the  coun- 
try, which  is  spending  large  amounts  in  grade  reduction  to  help  its 
train-haul,  and  which  is  building  several  hundred  miles  of  new  road, 
is  giving  the  surface  of  its  banks  on  curves  an  elevatien  of  2%  of  the 
width  of  roadbed  per  degree  of  curve,  raising  the  outside  one-half  and 
depressing  the  inside  one-half,  thus  making  the  center  of  the  roadbed 
throughout  on  profile  grade. 
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MINUTES  OF  MEETINGS. 


OF  THE  SOCIETY. 


May  7th,  190a. — The  meeting  was  called  to  order  at  8,46  p.  m., 
Prank  C.  Osborn,  Director,  Am.  Soo.  C.  E.,  in  the  chair;  Charles 
Warren  Hunt,  Secretary;  and  present,  also,  115  members  and  20 
guests. 

The  minutes  of  the  meetings  of  April  2d  and  16th  were  approved 
as  printed  in  Proceedings  for  April,  1902. 

A  paper  by  George  S.  Webster  and  Samuel  Tobias  Wagner,  Mem- 
bers, Am.  Soc.  C.  E.,  entitled  "The  Pennsylvania  Avenue  Subway  and 
Tunnel,  Philadelphia,  Pa.,"  was  presented  by  Mr.  Webster,  and  illus- 
trated with  lantern  slides. 

A  written  discussion  by  Joseph  M.  Wilson,  M.  Am.  Soc.  C.  E.,  was 
presented  by  the  Secretary,  and  the  paper  was  discussed  orally  by 
Messrs.  Charles  G.  Darraoh,  William  B.  Parsons  and  George  S. 
Webster. 
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Ballots  for  membership  -were  canvassed,  and  the  following  candi- 
dates were  elected: 

As  Members. 

Gboboe  Ansel  Carpenter,  Pawtucket,  R.  I. 
Charles  Henby  Clark,  Utica,  N.  Y. 
John  Ernst  Eriobon,  Chicago,  HI. 
Benjamin  Truman  Fendall,  Baltimore,  Md. 
Henning  Fernstbom,  New  York  City. 
William  Charles  Gotshall,  New  York  City. 
Herbert  Thomas  Grantham,  Philadelphia,  Pa. 
Henry  Arthur  Hall,  Boston,  Mass. 
Arthur  Stanley  Iyes,  Philadelphia,  Pa. 
Charles  Willauer  Eutz,  Washington,  D.  C. 
Edwin  John  Rosecrans,'  New  York  City. 
Louis  Carlton  Sabin,  Port  Huron,  Mich. 
Francis  Clinton  Shenehon,  Detroit,  Mich. 
George  Way  Swinburne,  Jr.,  New  York  City. 
John  William  Woerman,  Sheffield,  111. 

As  Associate  Members. 

Henry  Erskine  Baker,  Watertown,  N.  Y. 
George  Elliot  Browning,  Trichnr,  S.  India. 
Harrison  Prescott  Eddy,  Worcester,  Mass. 
Louis  Amedee  Gueringer,  Marlin,  Tex. 
Isaac  Onward  Harper,  Baltimore,  Md. 
Theodore  Ely  Knowlton,  Watertown,  N.  Y. 
Charles  Real  Olberg,  Washington,  D.  C. 
Archibald  Livingstone  Parsons,  Washington,  D.  C. 
Harold  Tait,  Long  Island  City,  N.  Y. 
MoRRELL  Vrooman,  Gloversville,  New  York. 
Ernest  Woodbury  Wiggin,  New  Haven,  Conn. 
Arthur  John  Wills,  Harrisbnrg,  Pa. 
Julius  Herman  George  Wolf,  San  Francisco,  CaL 

The  Secretary  announced  the  election  of  the  following  candidates 
by  the  Board  of  Direction  on  May  6th,  1902: 

As  Associates. 

John  Laroy  Mann,  Hanover,  N.  H. 
John  Burton  Stouder,  Mason  City,  Iowa. 

As  Juniors. 

Walter  Esmond  Barnes,  New  York  City. 
Arthur  Emtl  Wenigb,  New  York  City. 
John  Hough  Wickersham,  New  York  City. 
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The  Secretary  announced  the  death  of  the  following  members: 

Jambs  Eulison  Miiils,  elected  Member,  Feb.  3d,  1896;  died 

July  26th,  1901. 
Reginald  McKean,   elected  Assoc.  M.  May  2d,  1894;  died 

Oct.  15th,  1901. 

The  Secretary  announced  the  details  of  the  programme  of  the 
Annual  Convention,  and  also  some  information  relative  to  the  special 
train  from  New  York  to  Washington. 

Adjourned. 

OP  THE  BOARD  OP  DIRECTION. 

(Abstract.) 

May  6th,  190  J  .—Vice-President  Schneider  in  the  chair;  Charles 
Warren  Hunt,  Secretary  ;  and  present,  also,  Messrs.  Briggs,  Oroes, 
Knap,  Kuichling,  O'Bourke,  Osborn  and  Seaman. 

The  President  was  authorized  to  appoint  a  Committee  to  award 
prizes  for  the  year  ending  with  the  month  of  July,  1902. 

Applications  were  considered  and  other  routine  business  trans- 
acted. 
Two  candidates  for  Associate  and  three  for  Junior  were  elected.* 

Adjourned. 

*  See  page  148. 
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ANNOUNCEMENTS. 

The  House  of  the  Society  U  open  from  o  A.  AL  to  10  P.  M. 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day  and 
Christmas  Day. 

MEETINGS. 

Wednesday,  June'  4th,  190a.— 8. 80  p.  m. — At  this  meeting,  ballots 
for  membership  will  be  canvassed,  and  a  paper  by  George  L.  IHllman, 
M.  Am.  80c.  C.  £.,  entitled  "  A  Proposed  New  Type  of  Masonry  Dam," 
will  be  presented  for  discussion. 

This  paper  was  printed  in  the  Proceedings  for  April,  1902. 

Wednesday,  September  3d,  100 J.— 8.30  p.  m. — A  regular  business 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed,  and 
a  paper  by  E.  C.  McCalla,  M.  Am.  Soc.  C.  E.,  entitled  "Improvement 
of  the  Black  Warrior,  Warrior  and  Tombigbee  Rivers,  in  Alabama,'9 
will  be  presented  for  discussion. 

This  paper  was  printed  in  the  Proceedings  for  April,  1902. 

Wednesday,  September  i7th,  1902.— 8.30  p.  m. — At  this  meeting, 
a  paper  by  James  N.  Hazlehnrst,  M.  Am.  Soc.  C.  E.,  entitled  "The 
Maintenance  of  Asphalt  Streets,"  will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 
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ACCESSIONS  TO  THE  LIBRARY. 

From  April  9th  to  May  6th,  1902. 
DONATIONS.* 
THE  RAILWAY  TRANSITION  SPIRAL. 

By  Arthur  N.  Talbot,  M.  Am.  Soc.  C.  E.  Third  Edition,  Revised. 
Leather,  7x4  ins.,  110  pp.  New  York,  Engineering  News  Publishing 
Co.,  1901.     $1.50. 

The  writer  states  that  the  treatment  riven  In  this  book  has  been  quite  widely  used 
on  the  railroads  of  the  United  States,  and  has  been  commended  by  many  engineers  for 
Its  simplicity,  convenience  and  flexibility.  The  conceptions  and  methods  used  are  simi- 
lar to  those  of  ordinary  circular  railroad  curves.  In  this  revision  attention  has  been 
given  to  illustrative  examples  and  explanations:  the  tables  have  been  extended  and  a 
treatment  of  the  uniform  chord  length  method  and  of  street  railway  spirals  has  been 
added.  The  Contents  are:  Nomenclature;  Theory;  Summary  of  Principles:  Description 
and  Use  of  the  Tables;  Choice  of  a  and  Length  of  Spiral;  Location  of  P.  8.,  P.  C.  C, 
and  P.  C;  Laying  Out  of  the  Spiral  by  Co-ordinates;  Location  by  Transit  and  Deflection 
Angles;  Application  to  Existing  Curves;  Compound  Curves:  Miscellaneous  Problems; 
Uniform  Chord  Length  Method;  Street  Railway  Spirals;  Explanation  of  Tables;  Tables. 

LOGARITHMIC  TABLES  OP  THE  MEASURES  OP  LENOTH. 

Extending  from  0  to  50  Feet  at  Intervals  of  One-Sixteenth  of  an 

Inch.     By  Thos.  W.    Marshall.     Leather,   3x6  ins.,   106  pp.     New 

York,  The  Engineering  News  Publishing  Company,  1902.     82.00. 

It  is  stated  in  the  preface  that  all  the  tables  have  been  carefully  checked  several 
times— both  before  and  after  they  were  set  in  type— and  it  is  believed  that  all  errors  of 
greater  magnitude  than  one  unit  in  the  last  decimal  place  have  been  eliminated. 

A  TEXT-BOOK  ON  ROOPS  AND  BRIDQES. 

Part  HI.     Bridge  Design.     By  Mansfield  Merriman  and  Henry  S. 

Jaeoby.    Fourth  Edition,  Rewritten.     Cloth,  9  x  6  ins.,  8  +  374  pp., 

plates,  ilhis.     New  York,  John  Wiley  &  Sons,  1902.     92.50. 

This  edition  has  been  entirely  rewritten  in  order  to  bring  the  subject  fully  up  to 
date.  In  so  doing,  It  has  been  the  constant  aim  of  the  authors,  not  only  to  give  the  latest 
details  of  modern  bridge  practice,  but  also  to  set  forth  the  reasons  for  suchpractice  in 
a  manner  especially  adapted  to  the  needs  of  students  and  young  engineers.  The  preface 
states  that  in  the  descriptions  of  the  details  of  plate-girder  and  truss  bridges  only  those 
are  given  which  may  be  properly  claimed  as  standard  in  the  best  recent  practice.  A 
new  feature  of  the  book  consists  in  lists  of  references  to  engineering  periodicals  where 
more  extended  descriptions  and  applications  of  various  details  may  be  found.  The 
Contents  are:  History  and  Literature;  Principles  of  Economic  Design;  Bridge  Contracts 
and  Office  Work;  Bridge  Shops  and  Shop  Practice;  Tables  and  Standards:  Details  of 
Plate-Girder  Bridges;  Design  of  a  Plate-Girder  Bridge;  Details  of  Railroad  Pin  Bridges; 
Design  of  a  Pin  Truss  Bridge;  Design  and  Detailing  of  a  Highway  Bridge;  Railroad 
Riveted  Bridges.    There  is  an  index  of  four  pages. 

1RRIOATION  IN  THE  UNITED  STATES. 

By  Frederick  Haynes  Newell,  M.  Am.  Soc.  C.  E.    Cloth,  8x5ins., 

19  +  417  pp.,  62  plates,  illns.     New  York,  Thomas  Y.  Crowell  &  Co. , 

1902.     $2.00.     (Donated  by  the  Author.) 

The  writer  has  been  continuously  engaged  for  the  past  twelve  years  in  conducting 
investigations  of  the  extent  to  whicn  the  arid  regions  can  be  reclaimed  by  irrigation, 
ascertaining  the  cost  and  capacity  of  reservoirs,  measuring  the  flow  of  rivers  useful  for 
power,  Irrigation,  and  other  industrial  purposes,  and  mapping  the  artesian  or  under- 
ground waters.  The  attempt  is  here  made  to  bring  together,  in  as  non-technical  a 
manner  as  possible,  the  results  of  this  study  and  experience.  A  somewhat  elementary 
and  popular  description  of  irrigation  and  of  the  devices  for  obtaining  and  distributing 
water  is  given,  more  space  being  devoted  to  the  crude,  but  effective,  home-made  con- 
trivances than  to  the  elaborate  and  expensive  machinery  purchased  from  manufac- 
turers.   The  chapter  headings  are:  Reclamation  of  the  Public  Lands;  The  Arid  Regions; 

*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  to  the  Library  by 
the  Publisher. 
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Surface  Waters;  Conveying  and  Dividing  Stream  Waters;  Reservoirs;  Methods  of  Irriga- 
tion; Underground  Waters;  Pumping  water;  Advantages  and  Disadvantages  of  Irriga- 
tion: Irrigation  Law:  States  and  Territories  of  the  Arid  Regions;  States  of  the  Semi-Arid 
Region;  Humid  Regions;  Conclusion.    There  is  an  index  of  eleven  pages. 

DIB  NATURLICHEN  NORMALPROPILE  DBR  PLIESSENDEN  QEWASSER. 

Vortrag  gehalten  in  der  Vollversammlung  des  Oeeterr.  Ingenieux- 
und  Architekten-Vereines  am  25.  Janner  1902  von  Richard  Siedek. 
Paper,  9  x  6 ins.,  21  pp.,  illus.     Wien,  Wilhelm  Bratimiiller,  1902. 

THE  LAW  OP  CONTRACTS. 

A  Text-Book  for  Technical  Schools  of  Engineering  and  Archi- 
tecture. By  John  Cassan  Wait,  M.  Am.  Soc.  C.  E.  Cloth,  9x6  ins., 
14+331  pp.  New  York,  John  Wiley  &  Sons,  1901.  $3.00.  (Donated 
by  the  Author.) 

The  chapters  here  presented  are  the  substance  of  a  course  of  lectures  delivered  by 
the  author  some  years  ago  before  the  technical  classes  in  engineering  and  architecture 
at  Harvard  University.  They  were  first  embodied  in  his  book  on  "  Engineering  and 
Architectural  Jurisprudence,"  but,  as  that  work  is  more  comprehensive  than  is  required 
for  a  textbook,  this  abridged  edition  has  been  issued.  The  preface  states  that  the 
present  volume  contains  the  essential  principles  upon  which  valid  contracts  depend, 
and  the  main  features  of  the  statutes  which  modify  and  limit  the  obligations  of  coo- 
tracts,  and  also,  in  a  fairly  complete  and  concise  form,  the  law  of  bidding  and  letting. 
Almost  all  the  illustrations  used  and  the  cases  cited  as  authorities  are  those  which  have 
arisen  in  engineering  and^architectural  work.  The  Contents  are:  Essential  Elements  of 
a  Contract;  Legal  and  Illegal  Contracts;  The  Parties  to  a  Contract;  Law  of  Contracts; 
Essential  Elements  of  a  Contract;  General  Statutes  Limiting  the  Law  of  Contracts; 
The  Rights  and  Liabilities  of  Bidders  for  Public  Work;  Bids  and  Bidders:  Work  for 
Private  Parties;  Employment  or  Engagement  of  Engineer  or  Architect;  Property  of 
Engineers  or  Architects  in  Designs  or  inventions;  Liability  of  Engineer  or  Architect  as 
a  Professional  Man;  Liability  of  Engineer  or  Architect  when  bis  Functions  are  Judicial 
or  Discretionary;  Liability  of  an  Engineer  or  Architect  when  a  Public  Officer;  Compen- 
sation of  Engineers  and  Architects;  Employment  of  an  Engineer  or  Architect  as  an  Ex- 
pert Witness.    There  is  an  index  of  twenty-seven  pages. 

A  TREATISE  ON  THE  PRESERVATION  OP  METAL. 

A  Practical,  Comprehensive  Hand-Book  for  Architects,  Builders, 
Mechanical  and  Civil  Engineers,  Painters,  Metal  Workers,  Property 
Owners,  and  Anyone  Supervising  the  Maintenance  of  Steel  and  Iron 
Structures.  By  Lionel  M.  Stern.  Paper,  8x5  ins.,  21  pp.  Central 
Printing  and  Publishing  House,  Harrisburg,  Pa.,  1901.  50  cents. 
(Donated  by  the  Author. ) 

The  following  gifts  have  also  been  received: 


Alabama  Great  Southern   R.   R.  Co.    6      Chesapeake  &  Ohio  Ry.  Co.    1  pam. 

pam.  Chicago  &  Alton  Ry.  Co.    1  pam. 

Alaska  Mexican  Gold  Min.  Co.    2  pam.  Chicago  &  North-Western  Ry.  Co.    1  pam. 


Am.  lost,  of  Min.  Engrs.    15  pam.  Chicago,  Burlington  &  Quincy  R.  R.  Co. 

Am.  Iron  &  Steel  Assoc.    1  pam.  1  pam. 

Am.  Manufacturer  and  Iron  World.     2  Chicago,  Indianapolis  &  Louisville  Ry.  Co. 

noe.  1  pam. 

Argentine  Republic  &  Minteterio  de  Obras  Chicago,  Milwaukee  &  St.  Paul  Ry.  Co.    1 

Publicas.    1  vol.  pam. 

Atchison,  Topeka  &  Santa  F6  Ry.  Co.    1  Chicago,  Peoria  &  St.  Louis  Ry.  Co.  of  Wi- 

pam.  note.    1  pam. 

Atlanta  &  West  Point  R.  R.  Co.    1  pam.  Chicago,  Rock  Island  &  Pacific  Ry.  Co.    1 
Atlanta,  Enoxville  &  Northern  Ry.  Co.    1  pam. 

pam.  Chicago  Terminal  Transfer  R.  R.  Co.    1 
Atlantic  Coast  Line  R.  R.  Co.    2  pam.  pam. 

Augusta na Coll.    Spam.  Choctaw,  Oklahoma  &  Gulf  R.  R.  Co.    1 
Bangor  &  Aroostook  R.  R.  Co.    1  pam.  pam. 

Boston  &  Maine  R.  R.  Co.    1  pam.  Cincinnati  &  Muskingum  Valley  R.  R.  Co. 
Brackenridge,  J.  C.    1  pam.  1  pam. 

Buffalo  &  Susquehanna  R.  R.  Co.    1  pam.  Cincinnati,  Hamilton  &  Dayton  Ry.  Co.    1 
California  Northwestern  Ry.  Co.    1  pam.  pam. 

Canada  Atlantic  Ry.  Co.    1  pam.  Cleveland,  Akron  &  Columbus  Ry.  Co.    1 
Canada  Dept.  of  Marine  and  Fisheries.    1  pam. 

pam.  Cleveland,  Cincinnati,  Chicago  &  St.  Louis 
Canadian  Pacific  Ry.  Co.    1  pam.  Ry.  Co.    1  pam. 

Central  of  Georgia  Ry.  Co.    1  pam.  Cleveland,  Lorain  &  Wheeling  Ry.  Co.    1 
Central  R.  R.  Co.  of  New  Jersey.    1  pam.  pam. 
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Cleveland  Terminal  A  Valley  R.  B.  Co.    1 

pom. 
Colorado  Agri.  Ezper.  Station.    Spam. 
Colorado  A  Southern  Ry.  Co.    1  pain. 
Columbia  Univ.    1  bound  vol.,  1  pam. 
Conn .  State  Board  of  Health.    1  bound  vol. 
Cullum  Register  Fund  Trustees.   4  bound 

vol. 
Cumberland  Valley  R.  R.  Co.    1  pam. 
Delaware  A  Hudson  Co.    1  pam. 
Delaware,  Lackawanna*  A  Western  R.  R. 

Co.    1  pam. 
Denver  A  Rio  Grande  R.  R.  Co.    1  pam. 
Denver  A  Southwestern  Ry.  Co.    1  pam. 
Eckel,  Edwin  C.    1  pam. 
Emrrs.  Club  of  New  York.    1  bound  vol. 
Erie  R.  R.  Co.    1  pam. 
Evansville  A  Terre  Haute  R.  R.  Co.    1 

pam. 
Fowler,  Charles  N.    1  pam. 
France-Minlstere  des  Travauz  Publics.    4 

vol.,  85  maps. 
Fuertes,E.  A.    4  vol. 
Geographical    Soc.   of   Philadelphia.      8 

pam. 
Georgia  Southern  A  Florida  Ry.  Co.    1 

pam. 
Glasgow  International  Eng.  Cong.  8  bound 

vol. 
Grand  Rapids  A  Indiana  Ry.  Co.    1  pam. 
Great  Northern  Ry.  Co.    1  pam. 
Green  Bay  A  Western  R.  R.  Co.    1  pam. 
Greene,  C.  E.    8  nam. 
Hocking  Valley  Ry.  Co.    1  pam. 
Huntingdon  A  Broad  Top  Mountain  R.  R. 

&  Coal  Co.    1  pam. 
Illinois  Central  R.  R.  Co.    1  pam. 
Indiana,  Decatur  &  Western  Ry.  Co.    1 

pam. 
Indiana,    Dlinois   A  Iowa  R. 

pam. 
Inst,  of  Civ.  Engrs.    8  vol. 
Iowa  Central  Ry.  Co.    1  pam. 
Kanawha  A  Michigan  Ry.  Co. 
Kansas  City  Southern  Ry.  Co. 

Lake  Erie  A  Western  R.  R.  Co.    .  - 

Lake  Shore  A  Michigan  Southern  Ry.  Co. 

8  pam. 
Lilly,  G.  W.    lpam. 
Lone  Island  R.  R.  Co.    1  pam. 
Louisville  A  Nashville  R.  R.  Co.    1  pam. 
Magyar  M6rndk-6s  tipitesz-Egylet.    1  pam. 
Manufacturers''  Record.    1  no. 


R.  Co.     1 


1  pam. 
1  pam. 
lpam. 


Ma8S.-Sec.     of     the    Commonwealth.     8 

bound  vol. 
Mass.  Inst,  of  Technology.    1  vol.,  1  pam. 
Mexican  International  R.  R.  Co.    1  pam. 
Mexican  National  R.  R.  Co.    1  pam. 
Midland  Ry.  Co.    84  pam. 
Minneapolis,  St.  Paul  A  Sault  Ste.  Marie 

Ry.  Co.    8  pam. 
Miss.  River  Comm.    809  maps. 
Missouri,  Kansas  A  Texas  Ry.  Co.    1  pam. 
Missouri  Pacific  Ry.  Co.    1  pam. 
Morgan,  J.  T.    4  vol. 
Munn  A  Co.    1  pam. 
New  Mexico  Ry.  A  Coal  Co.    1  pam. 
New  York,  New  Haven  A  Hartford  R.  R. 

Co.    1  pam. 
New  York  State  Engr.  and  Surv.    1  bound 

vol. 
New  York,  Susquehanna  A  Western  R.  R. 

Co.    1  pam. 
Norfolk  &  western  Ry.  Co.    1  pam. 
Northern  Central  Ry.  Co.    1  pam. 
Northern  Pacific  Ry.  Co.    1  pam. 
Orr,  Alexander.    1  pam. 
Owen,  James,    1  pam. 
Panama  R.  R.  Co.    lpam. 
Pennsylvania  R.  R.  Co.    1  pam. 
Pere  Marquette  R.  R.  Co.    1  pam. 
Pharr.  H.  N.    lpam. 
Philadelphia,  Wilmington  A  Baltimore  R. 

R.  Co.    1  pam. 
Pittsburg,  Bessemer  A  Lake  Erie  R.  R.  Co. 

1  pam. 
Platt/T.  C.    8  pam. 
Purdue  Univ.    1  pam. 
Ricketts,  P.  C.    11  vol. 
Rio  Grande  Southern  R.  R.  Co.    1  pam. 
Rose  Polytechnic  Inst.    8  pam. 
Soc.  Beige  des  Ingenieurs  et  des  Indus- 
trie^.   1  pam. 
Southern  Pacific  Co.    8  pam. 
Sullivan  County  R.  R.  Co.    1  pam. 
Toledo  A  Ohio  Central  Ry.  Co.    1  pam. 
Union  Pacific  R.  R.  Co.    8  pam. 
U.  8.  Bureau  of  Foreign  Commerce.    1 

pam. 
U.  8.  Bureau  of  Statistics.    1  bound  vol. 
U.  S.  Civil  Service  Comm.    1  bound  vol. 
U.  S.  Nautical  Almanac  Office.    4  bound 

vol;.  Spam. 
U.  S.  War  Dept.    4  pam. 
Western  Ry.  Co.  of  Alabama.    1  pam. 
Worcester  Polytechnic  Inst.    1  vol. 


BY  PURCHASE. 

A  Handbook  for  the  Electrical  Laboratory  and  Testing  Room.    By 

J.  A.  Fleming,  M.  Inst.  E.  E.  Volnme  L  New  York,  The  D.  Van  Nos- 
trand  Company;  London,  "  The  Electrician  "  Printing  and  Publishing 
Company,  Limited,  1901. 

Central  Electrical  Stations:  Their  Design,  Organization,  and  Man- 
agement. By  Charles  Henry  Wordingham,  M.  Inst.  C.  E. ;  M.  Inst. 
M.  E. ;  M.  Inst.  E.  E. ;  M.  Am.  Inst.  E.  E.  London,  Charles  Griffin  and 
Company,  Limited,  1901. 

Electrical  Engineering  Testing ;  A  Practical  Work  for  Second  and 
Third  Year  Students,  Engineers,  and  Others.  By  G.  D.  Aspinall  Parr, 
M.  Inst.  E.  E. ;  A.  M.  Inst.  M.  E.  London,  Chapman  and  Hall, 
Limited;  Philadelphia,  J.  B.  Lippincott  Co.,  1902. 

Production  et  Distribution  de  l'£nergie  pour  la  Traction  Elec- 

trique).     Par  Henry  Martin.     Paris,  Ch.  Beranger,  1902. 
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Contribution  a  1' Etude  des  Alllages.  Par  W.  H.  Bakhuis,  Booze- 
boom,  Ad.  Oarnot,  G.  Charpy,  H.  Le  Ohatelier,  H.  Gautier,  Ed.  Gou- 
tal,  Guillaume  F.  Osmond,  Roberts  Austen,  Sklodowska  Curie,  sous 
la  Direction  et  le  Oontrole  de  la  Commission  des  Alliages,  1896-1900- 
Paris,  Chamerot  et  Benonard,  1901.  (Soci^te"  d'Encouragement  pour 
Flndustrie  Nationale.) 

Die  Bewetterung  der  Bergwerke.  Yon  Robert  Wabner.  (With 
Atlas.)    Leipzig,  Arthur  Felix,  1901. 

Mitteilungen  iiber  Forschungsarbelten  auf  dera  Qebiete  des  Inge- 

nieurwesens,  insbesondere  aus  den  Laboratorien  der  technischen  Hoch- 
sohulen,  herausgegeben  vom  Yerein  deutscher  Ingenieure.  3  voL 
Berlin,  Julius  Springer,  1901. 

Nuevo   Diccionario    de   Pronunciation  de  las  Lenguas  Ingles*  y 

Espanola.  Por  Mariano  Velazquez  de  la  Cadena.  Nueva  Edicion, 
Cuidadosamente  Bevisada  y  Aumentada  por  Edward  Gray  y  Juan  L. 
Iribas.  Segunda  Parte:  Ingles-Espanol.  Nueva  York,  D.  Appleton  y 
Compania,  1902. 

Who's  Who  In  America.  A  Biographical  Dictionary  of  Notable 
Living  Men  and  Women  of  the  United  States,  1901-1902.  Edited  by 
John  w.  Leonard.     Chicago,  A.  N.  Marquise  &  Company,  1901. 

Street-Cleaning  and  the  Disposal  of  a  City's  Wastes :  Methods  and 
Results  and  the  Effect  upon  Public  Health,  Public  Morals,  and  Munic- 
ipal Prosperity.  By  George  E.  Waring,  Jr.  New  York,  Doubleday 
&McClureCo.,  1899. 

A  Manual  of  Practical  Hygiene  for  Students,  Physicians,  and 
Medical  Officers.  By  Charles  Harrington.  Lea  Brothers  &  Co.,  Phila- 
delphia and  New  York,  1901. 

Municipal  Sanitation  in  the  United  States.  By  Charles  Y.  Chapin. 
Snow  &  Farnham,  Providence,  B.  I.,  1901. 

Sanitary  Engineering:  A  Practical  Manual  of  Town  Drainage  and 
Sewage  and  Refuse  Disposal.  For  Sanitary  Authorities,  Engineers, 
Inspectors,  Architects,  Contractors,  and  Students.  By  Francis  Wood, 
A.  M.  Inst.  C.  E.  London,  Charles  Griffin  &  Company,  Limited;  Phila- 
delphia, J.  B.  Lippincott  Company,  1902. 

Sanitary  Engineering  of  Buildings.  By  Wm.  Paul  Gerhard,  M 
Am.  Inst.  Arohts.     Vol.  1.     New  York,  William  T.  Comstock,  1899. 

A  Dictionary  of  Architecture  and  Building,  Biographical,  Histori- 
cal, and  Descriptive.  By  Russell  Sturgis,  M.  Am.  Inst.  Arohts.,  and 
Many  Architects,  Painters,  Engineers,  and  Other  Expert  Writers, 
American  and  Foreign.  3  vol.  New  York,  The  Maomillan  Company; 
London,  Maomillan  &  Co.,  Ltd.,  1901. 

Civil  Engineering  as  Applied  In  Construction.  By  Leveson 
Francis  Ver n on -Har court,  M.  Inst.  C.  E.  Longmans,  Green  k  Co., 
London,  New  York  and  Bombay,  1902. 

Der  Schornsteinbau.  Yon  Gustav  Lang.  3  vol.  Hannover,  Hel- 
wing,  1896-1901. 
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Cement  and  Engineering  News  (to  complete  set).    7  vol.,  20  nos. 
Electrical  Engineer  (to  complete  set).    5  vol. 
Electrical  World  and  Engineer  (to  complete  set).    11  vol. 
Electrician  (to  complete  set).    82  vol. 


SUMMARY  OF  ACCESSIONS. 

From  April  9th  to  May  6th,  1902. 

Donations  (including  95  duplicates  and  3  numbers  complet- 
ing volumes  of  periodicals) 460 

By  purchase  (including  20  numbers  completing  volumes  of 
periodicals) 109 

Total 569 
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MEMBERSHIP. 


ADDITIONS. 


ALDERMAN,  CHARLES  AliDO, 


Assoc.  M. 


Interurban  Union  Station,  Columbus,  Ohio. .  (  M. 

Anthony,  Charles,  Jr., 

Glenview,  Hereford,  England 

Dunham,  Ohart.es  Frederick, 

Hotel  Oxford,  Denver,  Colo 

Erioson,  John  Ernst, 

City  Engr.,  604  Chamber  of  Commerce  Bldg.  (Bes.,  1914 

Arlington  PI.),  Chicago,  111 

Fernstrom,  Henntnq, 

Prin.   Asst.  Engr.,  N.  T.  C.  &  H.  B.  B.  R.,  Boom  521, 

Grand  Central  Station,  New  York  City 

Freyhold,  Felix,  t 

Bureau  of  Equipment,  Navy  Dept.,  236  First •]  A8SOC'     " 

St.,  8.  E.,  Washington,  D.  C ( 

Grantham,  Herbert  Thomas,  f  ^ggoc.  M. 

Structural   Engr.,   1622   Real   Estate  Trust-]  j£. 

Bldg.,  Philadelphia,  Pa I 

Hanna,  John  Venable,  C 

Asst.  Chf .  Engr.,  Frisco  System,  North  Side  ■<  As800,  *J* 

Office,  Springfield,  Mo (  M# 

EuTZ,  Charles  Wellatjer, 

Capt.,  Corps  of  Engrs.,  U.  S.  A.,  Washington  Barrracks, 

Washington,  D.  C 

Minsk,  Charles  Augustine,  (  Assoc.  M. 

815  Witherspoon  Bldg.,  Philadelphia,  Pa ....  (  M. 

ROSENGRANS,  EDWIN  JOHN, 

(Jackson,  Bosencrans  &  Canfield,  Archts.),  160  Fifth  Ave., 

New  York  City 

Sarin,  Louis  Carlton,  . 

U.  S.  Asst.  Engr.,  Federal  Bldg.,  Port  Huron,  )  A*800-  M- 

Mich. I  M. 

Sergeant,  George,  Jr., 

Prin.  Asst.  Engr.,  Atlantic  Ave.  Impvt.,  L.  I.  B.  B.,  56 

West  33d  St .,  New  York  City 

Swinburne,  George  Wat, 

(Swinburne  &  Clark),  156  Fifth  Ave.,  New  York  City 


Date  of 
Membership. 

896 
902 


April    6, 
April  2, 

March  5, 

April   2, 

May     7, 

May     7, 

Sept.    2, 
April   % 

Feb.     5, 
May     7, 

May     3, 
April  2, 


May  7, 
April  7, 
Deo.     4, 


May     7, 

Oct.     4, 
May     7, 


April   2, 
May    7, 


902 
902 

902 

902 

891 
902 

896 
902 

893 
902 


902 
897 
901 


902 

893 
902 


902 
902 


ASSOCIATE  members. 
Atkins,  Harold  Bedford, 

22  William  St.,  New  York  City 


April   2,  1902 
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Blanchabd,  Mub&AY,  Membership. 

Jnn.  Engr.,  U.  6.  Lake  Surrey,  U.  S.  Engr.  Office,  Cam- 
pan  Bldg.,  Detroit,  Mich April  .2,  1902 

Gxssneb,  Gustavus  Adolphtjs,  Jr., 

406  Kenilworth  Ave.,  Toledo,  Ohio April  2,  1902 

Habpeb,  Isaac  Onwasd, 

1608  Bolton  St.,  Baltimore,  Md May     7,  1902 

Knowlton,  Tbbodobb  Ely,  i  Assoc.  Mar.  31,  1896 

Care,  St.  Begis  Paper  Co.,  Watertown,  N.  Y. .  j  Assoc.  M.  May     7,  1902 

PaBSONS,  AbCHZBALD  LmNOBTONI, 

Asst.  Engr.,  U.  S.  Engr.  Offioe,  P.  O.  Box  455  (Bes.f  508 

A  St.  N.  E.),  Washington,  D.  C May     7,  1902 

Sabine,  Edwabd  Dana, 

Ohf.  Engr.,  American  Pneumatic  Service  Co.,  Boston 
Pneumatic  Transit   Co.,   115   Channoey   St.,    Boston, 

Mass Feb.     5,  1902 

Slayton,  Chablbs  Albxbt, 

Care,  Cut  Engr.,  C,  O.  &  G.  B.  B.,  LitUe  Bock,  Ark. . . .     April  2,  1902 
Vbookan,  Mobbbll, 

City  Engr.,  Gloversville,  N.  Y May     7,  1902 

Wills,  Abthub  John, 

Commonwealth  Trust  Bldg.,  Harrisbnrg,  Pa May     7,  1902 

Wilson,  Hbnby  Felix,  Jr., 

(Wilson  &  Motley,  Civ.  and  Min.  Engrs.),  815  Ohalifoux 
Bldg.,  Birmingham,  Ala April   2,  1902 

JTJNIOBS. 

Haxden,  Edwin  Clapp, 

Preeoott  House,  Everett,  Mass Oct.     1,  1901 

TOENSTELDT,  HAN8  CABL  THOMAS, 

1550  Mississippi  Ave.,  St.  Louis,  Mo April   1,1902 

Wigxebsham,  John  Hough, 

1  East  34th  St..  New  York  City May     6,  1902 

CHANGES  OP  ADDRESS. 


Afplbton,  Ellsby  Cushing Westboro,  Mass. 

Bakeb,  William  Edoab 170  Broadway,  New  York  City. 

Baxter,  Fbank  Edwin Div.  Engr.,  Bio  Grande  Western  By., 

1250  E.  South  Temple  St.,  Salt  Lake 
City,  Utah. 

Body,  John  Benjamin Director,  S.  Pearson  &  Son,  Ltd.,  Pnente 

de  Alvarado  15,  City  of  Mexico, 
Mexico. 

Caflbs,  Mabtin  Joseph Treas.  and  Supt.,  Pocahontas  Coal  & 

Coke  Co.,  1219  Arcade  Bldg.,  Phila- 
delphia, Pa. 
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Cbbuzbaub,  Robert  Walter Care,    New   York   Continental    Jewell 

Filtration    Co.,    Hills    Bldg..    New 

York  City. 
Otjmmtngs,  Bobbbt  Augustus Civ.    Engr.    and    Contr.,    609    House 

Bldg.,  Pittsburg,  Pa. 
Fteley,  Alphonbe Park  Hill    Aye.,  Park  Hill,  Yonkers, 

N.  Y. 
Euebtes,  Jambs  Hillhoube Civ.  and  San.  Engr.,   140  Nassau  St, 

New  York  City. 
Fuller,  William  Barnard Hydr.  and  San.  Engr.,  170  Broadway, 

New  York  City,  and  299  Main  8t.f 

Paterson,  N.  J. 
Habbod,  Benjamin  Morgan Cotton  Exchange  Bldg.,  New  Orleans, 

La. 
Hasxtnb,  William  Jbwett Chf.  Engr.  of  Sewers,  New  Rochelle, 

N.  Y.,    and  120  Liberty  St.,   New 

York  City. 
Hebtnq,  Rudolph (Rudolph  Hering  and  George  W.  Puller, 

Hydr.  Engrs.  and  San.  Experts),  170 

Broadway,  New  York  City. 
Hofp,  Olaf 604  Grand  Central  Station,  New  York 

City.    (Res.,  Tarrytown,  N.  Y.) 
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Standardization  of  Pipe  Flanges  and  Flanged  Fittings.*   Robert  E.  Atkinson.    (Paper 

read  before  the  Inst,  of  Mech.  Engrs. )    (11)  Serial  beginning  Apr.  86. 
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Since  the  impetus  given  to  improved  road  making,  through  the 
genius  of  Macadam  and  Telford,  nothing  has  quickened  the  interest  or 
added  more  to  satisfactory  results  in  highway  construction  than  the 
introduction  of  natural  bituminous  concrete  or  asphalt  as  a  surfacing 
material.  Appearing  as  a  practical  utility  simultaneously  in  Berlin 
and  in  Washington,  about  1876,  its  remarkable  popularity  is  attested 
by  a  bulletin  issued  by  the  United  States  Department  of  Labor  in 
1900,  reporting  30  203  946  sq.  yds.  of  asphalt  laid  in  129  cities  in  this 
country  having  populations  of  30  000  inhabitants.  When  it  is  recol- 
lected that  this  represents  an  outlay  of  approximately  $75  000  000,  in 
initial  cost  and  expended  during  the  last  25  years,  the  enormous 
proportions  of  this  industry  are  apparent. 

Notwithstanding  the  great  popularity  of  this  class  of  pavement, 

both  in  this  country  and  abroad,  its  introduction  has  been  attended 

with  many  expensive  and  disastrous  failures,  as  a  reason  for  which,  £. 

Kuichling,  M.  Am.  Soc.  C.  £.,  in  a  recent  article,  cites  the  following: 

"It  may  also  be  mentioned  that  rock  asphalt  for  street  paving  pur- 
poses was  first  introduced  in  Paris  in  1864,  and  that  its  advantages 

Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings,  and,  when  finally  closed,  the  papers,  with  discussion 
In  full,  will  be  published  in  Transactions. 
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'were  promptly  recognized  by  Baron  Hausmann,  Napoleon  Ill's  famous 
Minister  of  Public  Works.  Not  only  did  it  afford  the  means  of  seour* 
ing  a  handsome,  sanitary  and  comparatively  noiseless  pavement,  but 
its  continuity  and  difficulty  of  removal  made  it  of  little  use  for  the 
formation  of  barricades  by  the  turbulent  element  of  the  population, 
and  thus  contributed  greatly  to  the  preservation  of  law  and  order  by 
the  municipal  authorities.  Its  use  in  most  of  the  principal  streets 
and  avenues  soon  followed,  but  with  the  increased  demand  came  com- 
petition  and  numerous  attempts  to  reduce  the  cost  by  the  substitution 
of  inferior  materials  and  methods,  until  finally  the  quality  became  so 
poor  as  to  lead  to  early  disintegration.  This  result  became  generally 
noticeable  in  Paris  about  1880,  and  in  consequence  of  the  inability  of 
the  contractors  to  make  proper  repairs,  asphalt  pavements  fell  into 
serious  disrepute. 

"  In  relation  thereto,  M.  Leon  Malo,  the  well-known  French  paving 
•expert,  and  director  of  the  rock  asphalt  mines  at  Seyssel,  which  are 
controlled  by  the  General  Asphalt  Company  of  France,  states  that  up 
to  1876,  all  the  asphalt  pavements  of  Paris  were  built  and  maintained  by 
said  company  under  contract,  and  gave  entire  satisfaction.  In  that  year, 
however,  the  contracts  expired,  and  the  municipal  authorities  yielded 
to  the  pressure  brought  by  rival  paving  corporations  to  open  the 
work  of  construction  and  maintenance  to  general  competition,  and 
award  the  contracts  to  the  lowest  bidder.  The  consequence  was  that 
the  work  was  taken  at  low  prices  by  inexperienced  firms,  and  per- 
formed improperly,  as  mentioned  above.  In  the  course  of  five  years 
over  240  000  sq.  yds.  of  the  inferior  asphalt  pavement  crumbled,  and 
the  contractors  went  into  bankruptcy,  leaving  repairs  of  enormous 
extent  undone  and  creating  widespread  prejudice  against  this  kind  of 
pavement.  The  authorities  then  realized  that  such  work  could  not  be 
done  in  a  haphazard  manner,  and  thereafter  gave  contracts  only  to  the 
most  experienced  and  responsible  firms,  under  strict  inspection,  and 
limiting  the  source  of  the  bituminous  rock  to  a  few  quarries  of  estab- 
lished reputation. " 

The  experience  of  the  French  capital  is  not  an  isolated  case,  many 
•cities  on  both  sides  of  the  Atlantic  having  successively  faced  and  de- 
cided, each  for  itself,  the  advisability  of  restricted  competition  or 
untried  materials. 

In  engineering  works,  "what  is  wanted"  is  generally  so  clearly 
understood  that  there  is  no  difficulty  either  in  readily  specifying  or 
exactly  following  the  requirements.  The  strength,  durability  and 
composition  of  the  great  mass  of  materials  entering  into  constructive 
engineering  works  have,  for  the  most  part,  been  long  and  well  under- 
stood, and  their  exact  values  determined  experimentally  and  prac- 
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tically  under  a  wide  range  of  conditions  and  tests,  bnt  to  this  rule  there 
are  certain  notable  exceptions,  where  materials  are  need  singly  or  in 
combination  with  others  for  certain  important  work,  bnt  where  the 
individual  character  and  resulting  combination  is  made  without  suffi- 
cient scientific  knowledge  to  make  certain  prediction  of  successful 
use. 

Such  a  material  is  bitumen,  the  essential  base  of  all  asphalt  pave- 
ments. Bitumen,  in  mineralogy,  is  denned  as  "  a  hydrocarbon  mixt- 
ure, of  mineral  occurrence,  whether  solid,  liquid  or  gaseous,"  and,  in 
line  with  this,  the  Supreme  Court  of  the  United  States  has  ruled  thai 
natural  gas  is  a  true  bitumen ;  other  chemists  and  mineralogists  are 
inclined  to  include  "  any  and  all  hydrocarbons,  whether  natural  or 
artificial,  provided  they  be  soluble  in  carbon  bisulphide;  hence,  in 
specifications  where  the  percentage  of  bitumen  is  a  ruling  considera- 
tion, either  natural  gas  or  coal-tar  would  be  equally  suitable  for  the 
production  of  an  asphalt  pavement. 

Asphalt  is  a  hard,  natural  bitumen,  and  is  found  in  Nature  in  great 
deposits  such  as  the  pitoh  lake  at  Trinidad,  or  impregnating  both  lime 
and  sand  rock.  Not  only  does  uncertainty  exist  in  the  classification  of 
bitumens,  but,  in  analytical  chemistry  and  physical  test,  the  differen- 
tiation of  asphalt  and  coal-tar  is  most  uncertain.  To  the  chemist,  the 
diamond  and  the  lump  of  coal  are  both  carbon,  while  coal-tar  and 
natural  asphalt  are  bitumens,  almost  impossible  to  determine,  the  one 
from  the  other,  except  by  the  smell. 

The  wearing  surface  of  the  asphalt  street  should  be  a  true  concrete, 
in  which  sand  is  the  aggregate,  while  carbonate  of  lime  dust  and  the 
asphalt  form  the  matrix.  As  with  hydraulic  concrete,  it  is  important 
that  all  voids  in  the  mass  be  filled,  and  that  asphalt,  the  cementing 
ingredient,  shall  be  of  proper  composition  and  quality,  to  the  end  that 
the  concrete  thus  formed  is  durable,  tenacious  and  elastic.  While  all 
asphalt  is  bitumen,  all  bitumen  is  not  suitable  for  an  asphalt  pavement; 
it  may  be  too  brittle  or  may  lack  the  requisite  cementing  properties, 
in  which  case  the  pavement  necessarily  disintegrates  and  fails. 
Again,  even  with  the  best  of  materials,  the  composition  may  be  spoiled 
in  the  making,  too  much  of  the  limestone  dust  making  the  pavement 
hard  and  brittle,  while  too  great  a  quantity  of  asphalt  cement  will 
make  a  soft  and  yielding  surface,  in  summer,  sometimes  being  so  soft 
as  to  mire  teams,  in  either  case  making  a  renewal  of  the  wearing  sur- 
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face  of  the  pavement  a  necessity;  so  that  it  would  seem  that  the  surest 
way  of  securing  satisfactory  results  and  determining  the  merits  of  an 
asphalt  pavement  is  to  give  it  a  trial,  requiring  considerable  time,  and 
to  award  the  execution  of  the  work  to  experienced  asphalt  contractors 
and  road  builders. 

In  view  of  the  negative  value  of  tests,  except  that  of  long  experience, 
the  only  specifications  likely  to  produce  reliable  and  exact  results, 
are  those  which  incorporate  in  their  requirements  formulas  and  meth- 
ods adapted  to  materials  which  have  previously  been  used  successfully, 
as  made  evident  by  from  fifteen  to  twenty  years  of  steady  use  under 
ordinary  street  traffic;  but  even  the  adoption  of  such  well-tried  and 
successful  materials  and  methods  is  not  a  positive  guarantee  of  the 
merit  of  the  asphalt  proposed  to  be  laid,  for  careless  manipulation 
and  unaccustomed  climatic  conditions  may  make  an  inferior  pavement 
of  materials  which  have  been  used  successfully  elsewhere,  while  re- 
stricting competition  to  those  materials  the  fitness  of  which  has  been 
established  by  long  use  necessarily  reduces  competition,  offering  in- 
ducement to  collusion,  combination  and  fraud;  besides,  there  is  lost 
the  possibility  of  introducing  through  experiment  a  material  superior 
to  any  so  far  presented  for  service. 

Such  considerations  suggest  the  necessity  for  the  broadest  compe- 
tition, and  the  free  exercise  of  this  principle  by  municipalities  is  most 
commendable  and,  in  general,  is  certainly  the  true  public  policy* 
However,  it  is  equally  true  that  the  taxpayer  should  be  at  all  times 
protected  against  the  possibility  of  expensive  failure,  where  inferior 
or  untried  materials  and  methods  are  permitted  to  compete  upon  the 
same  basis  with  those  which  from  long  experience  have  fully  demon- 
strated their  fitness  for  particular  use;  and  it  is  obvious  that  the  safe 
course,  under  such  conditions,  is  to  insist  that  the  burden  of  respon- 
sibility and  the  cost  of  full  and  free  experiment  be  placed  where  it 
properly  belongs,  upon  the  promoter  of  the  new  material. 

Were  it  not  for  a  legal  obstacle,  to  be  hereinafter  discussed,  it 
would  be  a  simple  solution  of  the  difficulty  to  require  a  solvent  bond 
for  performance  and  a  long  period  of  maintenance. 

Unfortunately,  any  long-term  guarantee  is  likely  to  be  subject  to 
sharp  and  repeated  attacks  before  legal  tribunals,  with  every  chance 
of  having  assessments  defeated  or  declared  invalid  because  of  the 
incorporation,  in  paving  contracts,  of  a  clause  requiring  the  con- 
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tractor  to  guarantee  and  keep  in  repair,  for  a  long-term  period,  the 
work  executed  by  him. 

The  contention  has  frequently  been  sustained  by  the  highest  courts 
of  the  land  that  such  a  requirement,  unless  clearly  set  forth  and  in* 
tended  by  the  act  providing  for  paving  assessments,  works  an  unex- 
pected hardship  upon  the  abutting  property  owner,  who  is  not  only- 
compelled  to  pay  for  all  or  a  proportion  of  the  cost  of  paving  in  front 
of  his  property,  but  is  charged  besides  with  the  maintenance  of  the 
street  in  good  order  for  a  definite  period  of  years  under  the  so-called 
"guarantee"  clause  of  the  contract,  which  is,  in  fact,  only  a  mainte- 
nance charge  in  disguise;  an  expense  which  should  clearly  be  assessed 
against  the  taxpayer  at  large,  responsible  for  the  proper  care  and 
repair  of  all  streets  and  public  places,  there  being  no  sanction  in  the 
statute  or  act  for  putting  this  expense  upon  the  property  owner. 

The  Supreme  Court  of  the  State  of  Louisiana,  on  May  29th,  1899, 

handed  down  a  far-reaching  decision,  which,  in  part,  held  that: 

"  The  maintenance  clause  in  the  contract,  by  which  plaintiff  com- 
pany binds  itself  to  keep  the  street  in  good  order  and  condition  for  a 
term  of  five  years,  must  be  construed  with  reference  to  the  specifica- 
tions for  the  work,  and  the  bid  of  the  plaintiff  thereon." 

The  latter  contained  the  guarantee: 

"That  the  work  would  be  constructed  in  such  manner  that  the 
same  would  endure  without  requiring  repairs  for  five  years,  but  that, 
if  repairs  should  become  necessary,  plaintiff  company  would  make 
same  at  its  expense.  It  thus  appears  that  plaintiff's  undertaking  was 
to  lay  paving  consisting  of  such  materials,  and  put  down  in  such 
manner,  as  to  endure  for  five  years  without  repair,  and  it  guaranteed 
its  work  to  be  of  such  character.  If  not  of  such  character,  the  loss 
would  fall  on  the  company,  at  whose  expense  the  repairing  needed 
within  five  years  would  be  done.  This  clause  is  not  legally  objection- 
able. It  is  regarded  as  simply  a  guarantee  of  the  quality  of  the  work 
contracted  to  be  done,  and  does  not  render  the  contract  void,  as  in- 
creasing the  burden  of  abutting  property  owners  by  requiring  them 
to  pay  for  keeping  the  pavement  in  repair  for  the  period  of  five  years 
after  its  completion.  It  is  an  incident  of  the  contract,  not  an  inde- 
pendent undertaking. " 

There  must  be  some  point,  however,  where  such  an  obligation  for 

maintenance  does  become  an  "independent  undertaking,"  and  that 

point  is  conceived  to  be  that  period  of  time  within  which  the  well-laid 

asphalt  pavement  should  continue  without  requiring  repairs  incident 

to  the  wear  of  ordinary  traffic. 
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A  consideration  of  the  department  reports  of  some  of  the  larger 
cities  shows  that  in  the  great  majority  of  cases  the  maintenance  of 
asphalt  pavements  is  provided  for  by  the  contractor  nnder  the 
"  guarantee "  clause  for  a  period  of.  about  five  years,  hence  the  im- 
possibility of  obtaining  from  the  records  an  approximation  of  the  cost 
of  providing  for  necessary  repairs  during  such  time,  but,  from  reliable 
authority,  it  seems  certain  that  the  contractor  never  anticipates  the 
necessity  of  repair  of  asphalt  pavements,  except  for  accidental  cause, 
during  a  five-year  term;  hence  that  period  might  properly  represent 
that  specific  time  when  maintenance  becomes  more  than  "  an  incident" 
of  the  contract  cost  of  paving. 

Referring  to  the  experience  of  Paris,  it  would  appear  that  about 
the  same  period  was  required  before  inferior  pavements  disintegrated 
to  a  point  necessitating  removal;  hence  it  is  questionable  whether  that 
period  of  time  taken  to  represent  a  reasonable  guarantee  is  sufficient 
to  test  fully  the  life  expectancy  of  the  asphalt  pavement.  If  this  con- 
tention is  accepted  as  true,  the  wisdom  of  the  German  municipalities 
is  unquestioned.  Their  contract  requirements  for  asphalt  pavements 
being  that  the  new  pavement  shall  be  kept  in  perfect  repair  for  a 
period  of  nineteen  years,  beginning  on  April  1st  of  the  year  following 
the  completion  of  the  work.  During  the  first  four  years  the  con- 
tractor receives  no  compensation  whatever  for  necessary  repairs,  but 
for  the  remaining  term  of  fifteen  years  he  is  paid  at  the  rate  of  10 
cents  per  square  yard  for  the  entire  area  under  contract. 

While  the  practice  in  the  United  States  is  to  omit  altogether  any 
provision  for  long-term  guarantees  by  the  original  contractor  for 
asphalt  pavements,  in  a  few  instances,  subsequent  and  supplemental 
contracts  for  such  repairs  have  been  entered  into  by  municipalities, 
and  include  periods  ranging  from  five  to  ten  years  in  addition  to  the 
time  of  the  original  guarantee. 

The  City  of  Omaha,  Neb.,  has  made  suoh  a  contract,  for  ten  years, 
at  the  rate  of  8  cents  per  square  yard  per  annum;  Denver  pays  10  cents 
per  square  yard  for  a  like  arrangement,  while  Cincinnati,  subdividing 
the  term  into  two  periods  of  five  years,  has  contracted  for  the  repair 
of  its  asphalt  pavements  at  7}  cents  for  the  first  five  years  and  14  cents 
per  square  yard  for  the  last  five  years,  in  all,  fifteen  years  of  guarantee 
or  maintenance. 

Under  the  European  system,  providing  for  the  maintenance  of 
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asphalt  streets  at  a  fixed  sum  per  square  yard  per  year,  such  bonus, 
payable  annually,  depends  only  upon  the  extent  of  the  area  under 
contract  and  not  upon  its  legitimate  and  natural  repairs,  the  effect 
being  that  the  contractor  receives  a  sum  for  repairs  whether  he  earns  it 
or  not,  the  sum  paid  representing  the  premium  upon  an  insurance 
policy  rather  than  an  expenditure  for  a  real  necessity. 

The  practice  of  a  few  American  cities,  in  providing  for  the  main- 
tenance of  streets  by  subsequent  additional  and  supplemental  con- 
tracts, not  necessarily  with  the  original  contractor  or  for  identical 
material,  might  be  so  amended  as  to  provide  that  the  first  contractor 
should  continue  to  keep  his  work  in  repair,  with  materials  previously 
used,  the  payment  for  which  being  based  upon  original  prices,  and 
due  only  where  there  is  a  real  demand  for  repairs  and  a  consequent 
outlay. 

From  the  department  reports  of  Washington  and  Buffalo,  the  cost 
of  repairs  and  maintenance  was  guaranteed  by  the  contractors  for  fire 
years.    The  subsequent  expense  to  each  city  is  averaged  as  follows: 

Washington. 

First  period  of  five  years ....    0  cents  per  square  yard  per  year. 

Second     "  "        29     "  ""  " 

Third       "  "        ....  73      "  "  " 

Buffalo. 

First  period  of  five  years 0  cents  per  square  yard  per  year. 

Second  "      ■  «        "        6    "  "  "  « 

Third     "        "        "        48    "  "  "  " 

Accepting  the  figures  showing  the  cost  of  maintaining  pavements 
in  Washington  as  a  basis,  and  rounding  them  out  to  3  cents  and 
8  cents,  respectively,  and  accepting  the  logical  consequence  of  the 
preceding  argument,  it  would  seem  perfectly  possible  and  proper  to 
draft  specifications  so  as  to  permit  open  and  broad  competition, 
under  a  sufficient  and  proper  guarantee,  and  in  such  manner  as  to 
comply  with  the  rulings  of  the  Courts  in  the  matter  of  maintenance, 
by  stipulating  that  the  contractor  should  lay  the  pavement  at  a  price 
to  be  agreed  upon  and  to  be  assessed  against  the  responsible  parties 
under  the  act  providing  for  pavement  assessments,  but  requiring  the 
contractor  to  provide  a  solvent  bond,  not  only  for  performance,  but 
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for  the  maintenance  of  the  work  in  good  condition  for  a  term  of  years, 
and  for  compensation  which,  from  the  record  of  other  cities,  might 
seem  proper  and.  reasonable.  The  cost  of  maintenance,  thus  deter- 
mined and  agreed  npon  in  advance,  should  be  paid  annually,  only 
when  earned,  to  the  contractor,  out  of  the  general  city  funds,  for  all 
legitimate  repairs,  and  at  the  price  previously  agreed  upon,  but  any 
excess  of  cost,  greater  than  that  which  the  record  of  other  cities  has 
shown  to  be  a  proper  and  just  amount  of  repair  work  for  well-laid 
asphalt  pavement,  should  be  assessed  against  and  paid  for  by  the 
original  contractor. 

For  the  reason  that  neither  the  chemist,  mineralogist  nor  engineer 
can  specify  with  certainty  the  character,  amount  or  composition  of 
an  asphalt  pavement,  and  as  results  and  not  precise  methods  are 
sought,  it  would  seem  reasonable  to  relieve  the  contractor  of  speoifio 
limitations  while  requiring  that  the  entire  responsibility  for  the 
success  or  failure  of  the  pavement  be  borne  by  him,  through  stipula- 
tion with  security  that  the  particular  pavement  shall  last  as  long  and 
require  as  few  repairs  as  other  well-laid  asphalt  pavements;  and  that 
the  reasonable  cost  of  legitimate  and  necessary  repairs  should  be  paid 
annually,  after  five  years,  to  the  contractor,  by  the  city  at  large; 
while  any  sum  expended  in  excess  for  necessary  repairs  should  be  a 
charge  against  the  contractor. 

In  line  with  the  preceding  argument,  the  writer  drafted  for  the 
Department  of  Public  Works,  of  Mobile,  Ala.,  a  set  of  specifications 
from  which  the  following  is  taken: 

Specifications  fob  Asphalt  Pavements. 

"Wearing  Surface. — Upon  a  concrete  foundation,  or  'binder 
course,'  previously  prepared,  there  shall  be  laid  a  wearing  surface  of 
asphaltic  concrete,  composed  of  natural  bitumen,  silicon  and  car- 
bonate of  lime,  of  such  proportions  and  composition,  and  mixed 
according  to  such  formula,  as  may  be  recommended  by  the  contractor, 
who  shall  furnish,  with  his  proposal,  the  chemioal  analysis  of  the 
asphalt  to  be  used  on  the  work;  also,  a  statement  of  the  ingredients 
and  proportions  thereof,  and  the  method  of  mixing  and  laying.  This 
material  shall  be  spread  and  rolled  to  a  finished  depth  or  thickness  of 
not  less  than  1}  ins.,  where  a  binder  course  is  used,  and  not  less  than 
2  ins.  where  such  course  is  omitted,  and  in  such  manner  and  by  such 
means  as  the  contractor  may  deem  expedient  or  likely  to  produce  the 
best  results. 


(( 
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' 'Concrete  made  of  asphaltic  cement  and  clean  gravel  may  be 
used  to  form  the  binder  course;  its  thickness  shall  be  considered  as 
part  of  the  depth  specified  for  cement  concrete,  and  will  be  paid  for 
as  such. 

"  For  a  period  of  fifteen  years,  immediately  following  the  acceptance 
of  the  work  contemplated  under  these  specifications,  the  cost  of  main- 
taining the  pavement  in  good  condition  shall  be  guaranteed  by  the 
contractor,  not  to  exceed  the  following  rate  for  each  square  yard  of 
pavement  for  the  following  periods: 

"  For  the  first  five  years,  cost  per  yard  for  each  year 0  cents. 

"  For  the  second  five  years,  cost  per  yard  for  each  year. . .  3 

"  For  the  third  five  years,  cost  per  yard  for  each  year 8 

"  The  maintenance  of  the  pavement  in  good  condition  during  the 
guarantee  period  contemplates,  and  is  intended  to  provide  only  for, 
repairs  which  may  be  necessary  by  reason  of  defects  in  the  wearing 
surface  of  the  pavement,  made  apparent  by  conditions  of  weather  and 
traffic.  Noticeable  irregularities  of  the  wearing  surface;  cracks 
exceeding  J  in.,  and  apparent  disintegration,  all  extending  over  more 
than  1  sq.  ft.  of  surface,  shall  be  considered  cause  and  necessity  for 
repair,  which  shall  be  made  and  estimated  as  follows: 

"  Guaranteed  Annual  Cost  of  Maintenance  of  Pavements. — After  a 
pavement  has  been  laid  and  accepted,  and  the  cost  of  maintenance 
guaranteed,  at  any  time  during  the  term  of  such  guarantee,  when,  in 
the  opinion  of  the  Board  of  Public  Works,  and  in  accordance  with  the 
foregoing  requirements  as  to  maintenance,  the  necessity  exists  for 
repairing  any  portion  of  the  pavement,  upon  notice  from  the  Board, 
and  within  fifteen  days  thereafter,  the  contractor  shall  take  up,  relay 
or  repair  such  portion  of  the  pavement  as  may  have  been  designated, 
and  shall  repair  or  relay  the  same  with  materials  and  according  to 
methods  prescribed  for  the  original  work,  and  to  the  satisfaction  and 
acceptance  of  the  Board  of  Public  Works. 

"For  the  purpose  of  estimating  the  value  of  such  repair  work,  in 
addition  to  the  contract  price  per  yard  as  established  by  the  original 
bid,  there  shall  be  allowed  an  extra  amount  for  such  repairs,  as 
follows: 

For  each  separate  amount,  as  ordered,  less  than  20  yds.,  20  per 

cent. 
For  each  separate  amount,  as  ordered,  more  than  20  and  less 

than  50  yds.,  15  per  cent. 
For  each  separate  amount,  as  ordered,  in  excess  of  50  yds.,  10 
per  cent. 

"  Should  the  cost  of  repairs,  as  estimated  above,  exceed  in  any  one 
year  the  sum  for  which  the  contractor  has  guaranteed  that  such  pave- 
ment could  be  maintained,  any  additional  work,  ordered  by  the  Board 
of  Public  Works,  shall  be  done  by  the  contractor,  under  the  terms  of 
the  specifications,  and  without  cost  to  the  city. 
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"If,  in  the  opinion  of  the  Board  of  Public  Works,  there  should 
arise  the  necessity  for  removing,  repairing  and  replacing  any  section 
of  the  pavement  for  the  laying  of  water,  gas  or  other  mains,  or 
for  the  repair  of  the  same,  or  for  any  purpose  whatsoever,  upon  the 
written  order  of  the  President  of  the  Board  of  Public  Works,  the  pave- 
ment shall  be  opened,  replaced  or  repaired  by  the  contractor,  in  the 
manner  and  under  the  terms  provided  for  repair  work,  but  the  cost 
of  such  work  shall  not  be  charged  to  the  contractor,  or  considered  as 
a  part  of  his  guarantee." 

Under  the  provisions  of  the  foregoing  specifications  and  the  penalty 

expressed  in  a  bond  in  the  sum  of  $15  000,  contractors  for  asphalt 

paving  have  recently  undertaken  some  17  000  sq.  yds.  in  the  City  of 

Mobile,  Ala.,  for  the  following  prices: 

A. — Construction   of    6-in.    conorete 

foundations,  including  grading      65  cents  per  square  yard. 
5.— Paving  with  asphalt $1.15 
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Mp.  Owen.  Jambs  Owen,  M.  Am.  Soc.  C.  E. — This  paper  is  hardly  in  the  line 
of  a  professional  topie.  It  recites  the  history  and  conditions  of  road 
promotion  and  road  legislation  in  the  State  of  California,  and  is  very 
interesting,  as  it  gives  the  experience  through  which  the  State  of 
California  has  gone,  which  is,  to  a  large  extent,  similar  to  that  of  other 
States  in  the  Union,  except  that  in  California  work  is  not  as  far 
advanced  as  in  the  Eastern  States. 

One  of  the  burdens  of  Mr.  Manson's  subject  is  the  cry  that  many 
engineers  make,  viz.,  the  interjection  of  the  political  element  into 
road  work. 

Attention  should  be  called  particularly  to  the  clause  on  page  92, f 
because  the  speaker  has  never  before  seen  it  in  the  shape  of  a  legal 
enactment.  If  it  were  in  active  practice  in  this  section  of  the  United 
States  it  would  devolve  upon  the  engineer  to  determine  whether  a  bid 
was  too  high,  and  if  it  should  turn  out  that  the  work  cost  more  than 
he  estimated,  he  would  have  to  pay  the  difference  out  of  his  own 
pocket.  It  is  a  question  whether  the  engineering  profession  at  large 
would  like  to  have  such  a  practice  incorporated  in  their  ethics. 

*  This  discussion  (of  the  paper  by  Marsden  Manson,  M.  Am.  Soc.  C.  E.,  printed  in 
Proceedings,  for  February,  1908),  is  printed  in  Proceedings,  in  order  that  the  views 
expressed  may  be  brought  before  all  members  of  the  Society  for  further  discussion. 

Communications  on  this  subject  received  prior  to  June  87th,  1908,  will  be  published 
subsequently. 

t  Proceedings,  Am.  Soc.  C.  E.,  February,  1902. 
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There  is  one  point  about  the  California  work  that  does  not  seem  Mr.  Owen, 
to  be  stated  by  Mr.  Manson,  and  that  is,  that  the  State  Penitentiary, 
in  the  early  incipienoy  of  the  road  work  of  that  state,  put  np  a  large 
stone-cracking  plant,  and  at  that  time  a  very  advantageous  rate  was 
made  with  the  Southern  Pacific  Railroad  to  haul  the  road  material  to 
different  sections  of  the  state.  The  state  engineer  at  that  time  told 
the  speaker  that  they  were  hauling  road  material  at  a  very  moderate 
cost  for  a  distance  of  over  600  miles.  The  speaker  does  not  know 
whether  or  not  that  practice  is  kept  up  now,  but  it  was  a  very 
important  procedure.  The  railroads  there  felt  that  highway  con- 
struction was  an  adjunct  to  their  business,  and  offered  these  induce- 
ments to  facilitate  the  further  development  of  road  work.  The 
railroads  in  the  East,  so  far,  have  not  taken  that  view  of  the  road 
work,  but  have  always  demanded  full  rates  for  their  mileage,  in 
common  with  other  fields  of  enterprise. 

There  is  another  interesting  phase  of  Californian  legislation  which 
differs  materially  from  the  practice  in  the  East,  and  it  has  a  great 
deal  of  merit :  The  law  provides  that  a  sum  of  one-half  the  road  tax 
shall  be  reserved  for  what  is  called  a  "good-roads  fund,"  out  of 
which  the  cost  of  the  road  construction  is  paid.  After  the  road  is 
built  it  is  turned  over  to  the  state  for  maintenance,  and  the  state, 
under  the  statute,  must  provide  and  appropriate  $100  000,  or  so 
much  thereof  as  may  be«  necessary,  for  the  purpose  of  carrying  out 
the  provisions  of  that  act.  The  practice  in  the  East  is  entirely 
different.  Where  the  states  have  interjected  their  authority  and  funds 
for  the  construction  of  a  road,  the  provision  afterward  is  that  the 
local  authorities  shall  pay  for  the  maintenance — that  is,  as  far  as  the 
speaker  knows — he  does  not  remember  exactly  the  practice  now  in 
Massachusetts — whether  or  not  the  State  Road  Commission  there  pro- 
vides a  fund  for  the  maintenance— but  in  New  York,  New  Jersey,  and 
the  States  with  which  he  is  cognizant,  the  local  authorities  have 
complete  charge  of  the  expenditure  for  maintenance. 

The  speaker  is  inclined  to  think  that  that  Californian  provision  is  an 
improvement.  The  more  concentrated  the  authority  of  maintenance 
the  better  will  be  the  result.  The  difficulty  always  found  inroad  con- 
struction or  road  maintenance  is,  that  while  people  are  very  anxious 
to  have  good  roads,  and  appreciate  them,  the  local  authorities  are  not 
anxious  to  appropriate  the  necessary  moneys  to  keep  them  in  good 
repair. 

Gbobob  W.  Tillson,  M.  Am.  Soc.  C.  E. — In  Toronto,  Canada,  the  Mr.Tillson. 
practice  in  receiving  bids  is  somewhat  similar  to  that  mentioned  in  the 
last  clause  of  the  California  law.  When  bids  are  asked  for  in  Toronto, 
or  rather  when  they  [are  received,  the  practice  is  for  the  city  engi- 
neer himself  to  put  in  a  bid  on  the  work.  If  that  bid  is  lower  than 
any  of  the  others  received,  the  work  is  awarded  to  him  and  he  completes 
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MrATfltaoiL  it  by  day's  labor.  The  object,  of  course,  is  not  to  give  the  city 
engineer  the  opportunity  to  pay  for  anything  out  of  his  own  pocket, 
but  is  to  prevent  the  bidders  from  making  a  combination  and  getting 
more  than  a  reasonable  price  for  the  work,  because  it  ought  not  to  be 
difficult  for  the  contractors  to  do  work  at  a  fair  profit,  but  for  less 
than  city  officials,  in  this  country,  at  least,  could  do  it  by  day's  labor. 

In  looking  over  the  report  of  the  city  engineer,  where  he  has 
reported  upon  work  for  which  he  put  in  his  proposal  and  was  awarded 
the  work,  it  is  found  that,  as  a  general  rule,  he  has  often  done  the 
work  for  less  than  the  amount  of  his  bid,  but  in  some  few  oases  the 
cost  of  the  work  has  exceeded  his  bid. 

In  regard  to  the  Massachusetts  law,  the  President  of  the  Commis- 
sion told  the  speaker,  a  short  time  ago,  that  at  the  present  time  they 
have  charge  of  the  maintenance  of  the  roads,  although  at  first  they 
did  not;  and  that  the  cost  last  year  averaged  995  per  mile  for  main- 
tenance, over  all  the  roads,  although  some  of  the  roads,  on  which  the 
work  was  done  by  contract,  were  kept  in  good  repair  for  970  per  mile. 
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S.  Whineby,  M.  Am.  Soc.  G.  E. — The  question  propounded  in  the  Mr.  Whinery. 
title  of  this  paper  is  one  upon  which  there  exists  a  radical  difference 
of  opinion  in  the  engineering  profession,  particularly  among  civil 
engineers.    It  is  a  question  of  importance,  from  more  than  one  point 
of  view,  and,  therefore,  it  merits  careful  consideration. 

It  is  desirable  that  a  rational  conclusion  should  be  reached  and  gen- 
erally accepted  by  the  profession  and  the  public.  The  paper,  there- 
fore, is  timely  and  pertinent,  and  should  be  discussed  fully  and 
candidly. 

It  will  hardly  be  claimed,  except  by  those  who  argue  that  the 
whole  theory  of  patents  is  wrong,  that  the  engineer  is  debarred  by 
either  law,  morality  or  professional  ethics  from  taking  out  a  patent 
under  any  circumstances.  No  valid  reason  can  exist  for  denying  him 
the  right  to  patent  inventions  that  have  no  conceivable  connection 
with,  or  no  relation  to,  his  profession. 

Using  an  illustration  referred  to  by  the  author:  If  an  engineer  in- 
vents a  novel  egg-beater,  he  may,  if  he  chooses,  apply  for  and  accept 
a  patent  on  his  invention,  and  dispose  of  it  for  a  consideration,  with- 


*  This  discussion  (of  the  paper  by  A.  R.  Eldridge,  M.  Am.  Soc.  C.  E.,  printed  in 
Proceedingt  for  February,  1902),  is  printed  in  Proceedings,  in  order  that  the  views 
expressed  may  be  brought  before  all  members  of  the  Society  for  further  discussion. 


Communications  on  this  subject  received  prior  to  June  27th,  1908,  will  be  printed 
subsequently. 
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Mr.  Wblnery.  out  violating  accepted  moral  principles,  or  transgressing  the  strictest 
canons  of  professional  ethics.  This  mnch  may  be  accepted  without 
discussion.  The  only  question,  then,  at  issue  is,  may  the  engineer 
patent  inventions  which  relate  directly  or  indirectly  to  the  profession, 
or  to  his  professional  work,  without  violating  either  the  law,  the  ac- 
cepted moral  code,  or  the  ethics  of  the  profession? 

It  will  be  conceded  that  the  public  at  large  neither  has  nor  can  have 
any  peculiar  legal  or  moral  claim  upon  a  man  because  of  his  vocation 
or  profession;  every  citizen  owes  certain  obligations  to  his  fellow -men 
and  to  organized  society,  and  he  may  pay  a  part  of  these  obligations 
in  the  particular  kind  of  current  funds  that  he  may  be  best  able  to 
supply.  Thus  the  physician  may  contribute  to  the  general  good  his  as- 
sistance and  advice  on  questions  of  public  health ;  the  lawyer,  his  help  in 
framing  public  laws,  and  the  engineer  may  contribute  so  much  of  his 
special  knowledge  as  the  public  is  entitled  to,  in  designing  schemes 
for  public  improvement.  But  how  much  is  the  public  entitled  to? 
Somewhere  there  must  exist  a  line  beyond  which  contributions  to  the 
public  good  must  become  benevolence,  rather  than  duty.  The  public 
has  a  right  to  demand  that  which  is  duty,  but  not  that  which  is  benev- 
olence. In  the  way  of  monetary  or  property  contribution,  the  duty 
of  the  citizen  is  discharged  when  he  pays  his  taxes,  and  the  public  has 
no  right  to  demand  or  ask  more. 

There  are  but  few  who  deny  that  inventions  are  personal  property — 
the  property  of  the  inventor — and  a  patent  is  merely  a  certificate  of 
ownership  issued  by  the  authority  of  the  government.  The  public 
has  no  more  claim  upon  the  personal  property  of  the  inventor  than 
upon  the  chattels  or  lands  of  other  citizens;  therefore,  we  may  exclude 
the  general  public  from  this  discussion.  There  are,  then,  left  to  be 
considered,  the  rights  of  but  three  parties  or  interests:  The  profession, 
the  client  of  the  inventing  engineer,  and  the  engineer  himself.. 

What  claim  has  the  profession  upon  the  inventions  of  its  individual 
members? 

It  cannot  be  held  that  the  profession  has  any  legal  right  to  the  per- 
sonal property  of  its  members;  nor  can  it  be  claimed  that  the  member 
is  bound  by  any  moral  obligation  to  contribute  his  property  to  the 
profession.  But,  outside  the  pale  of  the  law  and  the  moral  code,  it 
is  recognized  that  the  profession  has  claims  upon  its  members  which 
are  not  less  real  because  they  are  somewhat  difficult  to  define.  They 
are  embraced  in  the  general  term  "  Professional  Ethics." 

In  the  first  place,  the  member  has  a  material  personal  interest  in 
supporting  and  advancing  the  character  and  standing  of  the  profes- 
sion before  the  public,  because  his  own  standing  in  the  eyes  of  the 
public  is  affected  thereby.  From  the  material  point  of  view,  the 
higher  the  services  of  the  civil  engineer  are  rated,  the  more  remuner- 
ative will  be  the  work  of  the  individual  engineer. 
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Another  and  a  higher  motive  is  found  in  the  fact  that  the  character  Mr.  Whinery. 
and  dignity  of  the  profession  is,  to  a  certain  extent,  reflected  upon  its 
individual  members.  Personal  interest,  therefore,  dictates  that  the 
individual  shall  render  snoh  services  as  he  may  be  able  to  the  eleva- 
tion of  the  profession  at  large.  A  higher  and  still  more  worthy  motive 
impels  the  individual  to  feel  a  pride  in  and  be  loyal  to  the  highest 
interests  of  the  profession,  for  the  good  of  the  profession  itself,  and 
to  extend  to  his  fellow-members  the  most  refined  courtesy  and  loyal 
Assistance  in  all  proper  ways.  This  may  be  accepted  as  a  sonnd  gen- 
eral statement,  but  difficulty  arises  when  we  attempt  to  define  jnst 
how  far  an  engineer  is  called  upon  to  go,  in  contributing  from  his 
personal  property,  whether  material  or  intellectual,  to  the  profession 
or  to  its  individual  members. 

We  may  reasonably  expect  that  he  will  contribute  his  individual 
knowledge  to  the  general  stock,  though  he  may  expect,  and  we  may 
not  debar  him  from,  some  professional  compensation  therefor. 

When  a  valuable  paper  is  read  before  this  Society,  the  profession 
and  its  members  are  benefited,  but  the  author  may  properly  expect  some 
compensation  in  the  way  of  increased  reputation.  If  an  able  book  on 
some  branch  of  engineering  is  written  and  published  the  author  ben- 
efits the  profession,  and  deserves  our  warmest  thanks,  but  we  do  not 
claim  that  he  should  not  reoeive  a  suitable  royalty  from  the  publisher. 
Other  illustrations  might  be  given,  but  they  are  unnecessary. 

It  must  be  accepted  that  in  the  profession,  as  elsewhere,  "the 
laborer  is  worthy  of  his  hire,"  and  therefore  entitled  to  it.  We  may 
assume  that  the  products  of  an  engineer's  brain  are  as  much  his  per- 
sonal property  as  are  the  products  of  his  hands,  and  that  he  is  free  to 
make  such  disposition  of  both  kinds  of  property,  subject  to  all  proper 
and  usual  limitations,  as  in  his  judgment  may  be  to  his  best  interests. 

Inventions  relating  to  or  connected  with  the  engineering  profession 
may  be  divided  into  two  general  classes. 

First,  those  that  relate  to  what  we  may  call  the  engineer's  work- 
shop, such  as  special  instruments  or  labor-saving  appliances,  for 
doing  work,  the  scope  of  which  is  confined  to  the  personal  use  of 
engineers.  With  regard  to  these,  it  may  be  an  open  question  whether 
loyalty  to  the  profession,  and  courtesy  to  its  members  does  not  require 
that  their  use  be  made  free  to  all.  In  the  medical  profession  it  is  dis- 
tinctly held  that  it  is  unprofessional  to  patent  inventions  of  this  class. 
This  position  would  be  strengthened  if  it  could  be  shown  that  the  pro- 
fession would  reap  the  whole  advantage  of  the  inventor's  generosity. 
Unfortunately,  this  is  not  always  the  case.  For  instance,  an  engineer 
may  invent  a  valuable  labor-saving  instrument.  It  is  made  and  sold 
by  an  instrument-maker,  who  fixes  the  price,  not  at  cost  and  a  reason- 
able profit,  but  at  what  he  thinks  he  can  get,  independent  of  any 
royalty  the  inventor  might  exact.     The  result  would  be  increased 
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Mr.  Whfoery.  profit  to  the  maker  or  dealer,  without  any  benefit  to  either  the  profes- 
sion or  the  inventor.  Upon  the  whole,  however,  the  position  of  the 
medical  profession  seems  reasonable  and  proper,  and  the  speaker 
would  favor  its  adoption  by  engineers. 

To  the  second  class  belong  those  inventions  that  confer  no  special 
benefit  upon  the  profession  or  its  members,  bnt  which  accrue  to  the 
benefit  of  clients,  manufacturers,  contractors,  or  the  public  at  large. 
As  a  pertinent  illustration  we  may  cite  improved  methods  or  processes 
for  dealing  with  sewage.  The  practicing  engineer  may  very  properly 
recommend  to  his  clients  such  improved  processes,  whether  patented 
or  not,  if  he  is  convinced  that,  all  things  considered,  including 
royalty,  their  use  will  result  in  benefit  or  economy  to  the  client. 
But  such  recommendations,  probably,  will  not  add  to  or  detract  from 
the  engineer's  professional  reputation  or  advantage,  nor  will  it  increase 
the  fee  he  may  charge  for  his  services.  Consequently,  he  receives  no 
benefit,  nor  does  the  profession,  from  the  use  of  the  process.  If 
benefit  results,  it  accrues  wholly  to  the  client  or  to  the  public  at 
large. 

The  engineer,  presumably,  will  not  recommend,  and  the  client  or 
the  public  will  not  use,  the  process  unless  they  believe  that  its  use  will 
be  advantageous  or  profitable,  and,  if  advantageous  or  profitable,  they 
cannot  reasonably  object  to  compensating  the  inventor.  As  well  might 
they  claim  that  because  they  can  buy  an  inefficient  tool  for  a  certain 
price,  the  manufacturer  of  a  more  efficient  and  possibly  more  expen- 
sive one  must  sell  it  to  them  at  the  same  price.  Now,  unless  it  can  be 
shown  that  an  inventor  has  no  property  right  whatever  in  his  inven- 
tion, it  seems  preposterous  to  say  that  he  is  not  entitled  to,  and  may 
not  justly  collect,  a  fair  compensation  for  its  use.  And  since  such  use 
is  not  for  the  benefit  of  the  profession  or  its  members,  it  cannot  alter 
the  conclusion  if  the  inventor  happens  to  be  an  engineer.  Much 
more  might  be  said  on  this  branch  of  the  subject,  but  it  seems 
unnecessary. 

The  fact  that  persons  calling  themselves  engineers,  whether  legiti- 
mately or  not,  may  have  attempted  to  foist  upon  the  public  so-called 
inventions  that  have  no  real  value,  or  may  have  claimed  the  invention 
and  ownership  of  processes  or  devices  that  are  not  patentable,  because 
of  lack  of  novelty  or  because  of  prior  invention,  and  may  have  har- 
rassed  engineers  or  their  clients  therewith,  is  no  argument  against  the 
soundness  of  the  conclusion  at  which  we  have  arrived. 

There  seems  to  be  an  impression  among  many  that,  in  the  medical 
profession,  it  is  considered  unprofessional  to  take  out  patents  of  any 
kind.  This  is  not  the  case.  The  ban  is  placed  only  upon  patents  for 
professional  instruments  and  devices,  and  upon  medicines  and  methods 
of  treatment.  The  argument  against  patents  for  medicines  and 
methods  of  treatment  is  based  largely  ;upon  the  consideration  that 
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they  are  primarily  for  the  benefit  of  the  sick  and  suffering,  and  that  Mr.  Wbinery. 
ordinary  benevolence  would  render  it  unseemly  to  prevent  their 
freest  use,  or  to  place  a  tax  upon  human  suffering.  No  such  argu- 
ment applies  to  the  great  majority  of  industrial  inventions,  which  are 
the  special  field  of  the  engineer,  and  the  cases  are  therefore  clearly 
differentiated. 

Coming  now  to  the  second  class  of  parties  interested,  what  claim 
has  the  client  upon  the  inventions  of  the  engineer? 

Two  classes  of  cases  must  be  considered.  First,  those  in  which  the 
investigations  of  the  engineer  have  led  to  important  inventions  while 
in  the  client's  employ,  and  relating  to  the  client's  business;  and  second, 
those  in  which  the  engineer  may  find  it  to  the  client's  advantage  to 
make  use  of  inventions  perfected  by  him  before  he  entered  the  client's 
service,  and  quite  independent  of  the  client's  business. 

In  cases  of  the  first  class  the  legal  status  of  the  two  parties  is  well 
settled  and  clearly  understood.  It  may  be  stated  briefly  thus:  If  A  is 
an  employee,  say  a  mechanic  in  the  business  or  shop  of  B,  and  invents 
an  improved  device  or  process  relating  to  the  business  of  B,  A  may 
take  out  a  patent  covering  his  invention.  B  will  be  entitled  to  make 
full  and  free  use  of  the  invention  in  his  own  business  or  shop,  but  will 
have  no  other  claim  upon  it,  and  A  may  sell  the  patent  in  whole  or  in 
part,  subject,  of  course,  to  B's  right  of  use,  as  stated  previously,  to 
any  other  persons,  not  excepting  the  business  competitor  of  B.  Time 
does  not  permit  taking  up  the  arguments  for  and  against  the  sound- 
ness of  this  legal  dictum.  Its  universal  acceptance  by  the  courts,  in 
this  country,  at  least,  indicates  that  it  is  founded  upon  right  and 
equity.  And  as  law  and  morals  are  practically  synonymous,  it  must 
be  in  line  with  good  morals.  Unless,  therefore,  it  can  be  shown  that 
the  relation  of  engineer  and  client  differs  from  that  of  employee  and 
employer  it  must  be  good  law  and  sound  morals  for  the  engineer  who 
may  happen  to  be  an  inventor;  and,  as  professional  ethics  is  based  on 
the  moral  law,  it  must  be  sound  from  the  ethical  point  of  view. 

Cases  of  the  second  class  are  embraced  mainly  in  the  first,  except  that 
there  can  be  no  possible  question  as  to  the  ownership  of  the  invention. 
It  will  scarcely  be  held  that  when  a  client  employs  an  engineer  he 
thereby  acquires  any  right  to  make  use  of  the  engineer's  private  prop- 
erty, whether  that  property  be  his  house,  or  his  invention.  There  is 
one  difference,  however,  in  the  two  classes  of  cases  -which  merits 
notice.  The  engineer  may  not  recommend  the  use  of  his  own  patented 
invention  to  his  client  without  the  fullest  statement  of  the  facts,  includ. 
ing  the  royalty  expected,  and  even  then  may  not  press  its  use  upon  his 
client.  Nor  may  he  make  use  of  his  invention  in  work  under  his  charge 
without  the  full  knowledge  or  consent  of  his  client,  even  if  no  royalty 
is  charged  or  expected. 

The  third  party  in  interest  is  the  engineer  himself.     Upon  his 
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Mr.  Whinery.  relation  to  the  subject  we  must  content  ourselves  by  touching  very 
briefly. 

If  neither  the  profession  nor  his  clients  are  nn justly  or  injuriously 
affected  by  the  fact  that  the  engineer  is  an  inventor  and  patentee,  he 
has  the  undoubted  right  to  be  his  own  judge  as  to  whether,  being  an 
inventor,  he  shall,  or  shall  not,  take  the  necessary  action  to  place  this 
intellectual  property  under  the  protection  of  the  same  law  that  guar- 
antees to  him  the  exclusive  use  of  his  chattels  and  his  lands.  If  he 
chooses  to  avail  himself  of  that  protection,  and  to  control  and  manage 
that  property  so  as  to  yield  him  its  full  value,  he  may  do  so  without 
trespassing  on  any  rights  of  his  fellow  citizens  and  without  violating 
any  reasonable  code  of  professional  ethics. 

There  can  be  no  wrong  in  the  engineer  holding,  using,  or  disposing 
of  property  honestly  and  honorably  acquired.  Whether  that  property 
is  the  result  of  physical  or  mental  effort  does  not  matter,  and  the  pos- 
session of  the  one  should  no  more  subject  the  owner  to  reproach  or 
professional  discredit  than  the  possession  of  the  other. 

There  is  another  aspect  of  the  matter,  which,  while  it  has  no  rela- 
tion to  morals  or  to  professional  ethics,  deserves  consideration. 
Assuming  that  the  inventor  might  be  actuated  by  pure  benevolence 
in  working  out  and  perfecting  valuable  inventions  for  the  sole  benefit 
of  the  public,  his  object  might  be  defeated  if  he  declined  or  neglected 
to  take  out  a  patent. 

To  develop  and  introduce  an  Important  invention  requires  usually 
the  expenditure  of  a  large  amount  of  money.  The  inventor  is  not 
often  able  to  supply  this  money  himself.  He  must  seek  the  aid  of 
capitalists.  They  will  not  supply  the  necessary  means  unless  assured 
that  what  they  invest  will  be  returned  with  liberal  profit.  They  must 
have  some  assurance  that,  after  they  have  spent  large  sums  for  the 
development  and  introduction  of  the  invention,  they  will  be  able  to 
prevent  competitors  from  robbing  them  of  the  reward  for  their  labor 
and  expenditure.  This  can  only  be  accomplished  through  patenting 
the  invention.  Without  the  protection  of  a  patent  they  would  not 
supply  the  necessary  money,  and  the  invention,  however  valuable  it 
might  be  to  the  public,  would  not  be  made  available  for  its  use.  Without 
the  protection  of  a  patent  the  inventor  of  the  railway  air-brake  could 
not  have  obtained  the  capital  to  develop,  introduce  and  secure  its 
general  adoption  at  so  early  a  period,  if  at  all,  and  probably,  even 
now,  it  would  not  be  in  general  use.  That  its  rapid  introduction  and 
use  has  been  of  incalculable  value  to  the  public,  as  well  as  to  the 
railroads,  no  one  will  deny.  Thus,  the  patenting  of  inventions  is  indi- 
rectly beneficial  to  the  public,  and  if  the  inventor  reaps  a  liberal  share 
of  the  benefit,  no  one  can  justly  complain. 

The  writer  believes  that  the  time  has  come  when  the  profession 
should  take  positive  and  unmistakable  action  on  this  question  of  the 
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right  of  the  engineer,  not  only  to  invent,  but  to  protect  his  invention  in  Mr.  wbinery. 
the  way  the  law  has  provided. 

Such  action  is  due  to  the  profession,  which  should  not  be  placed  in 
the  anomalous  position  of  being  divided  against  itself.  It  is  due  to 
the  individual  engineer,  who  is  entitled  to  know  what  the  profession 
regards  as  professional  or  unprofessional.  It  is  due  to  the  engineer's 
clients  and  to  the  public,  in  order  that  they  may  know  what  to  expect 
when  dealing  with  engineers  who  may  be  also  inventors. 

James  Owen,  M.  Am.  Soc.  G.  E. — This  paper  is  full  of  good  thoughts  Mr.  Owen, 
and  ideas  upon  the  subject  of  the  breach  of  professional  ethics  occa- 
sioned by  a  civil  engineer  acquiring  a  patent,  and,  while  it  is  really 
intended  as  an  ex  parte  argument  in  favor  of  such'  a  practice,  a  careful 
analysis  of  the  author's  statements  evinces  a  tendency  somewhat  con- 
tradictory to  his  assertions. 

The  great  complaint  of  the  civil  engineer  in  the  past,  and  to  a  more 
limited  degree  at  present,  is  the  lack  of  appreciation,  by  the  com- 
munity at  large,  of  the  status  and  abilities  of  the  professional  engineer, 
and  it  is  easy  to  realize  such  a  condition  when  engineers  of  the  author's 
standing  fail  to  appreciate  it  for  themselves. 

The  whole  point  at  issue  is  a  proper  definition  of  the  word  profes- 
sion, and  to  determine  accurately  what  is  a  professional  obligation  in 
civil  engineering  is  a  very  difficult  problem.  In  the  legal  and  medical 
professions,  tradition  and  legal  enactments  have  fairly  crystalized 
practice,  so  that  the  ethical  codes  of  these  professions  are  well  defined, 
and  transgressions  of  such  codes  are  rare,  and  when  made  are  accom- 
panied with  proper  and  defined  penalties. 

In  the  kindred  profession  to  civil  engineering,  viz. ,  architecture, 
the  subject  of  ethics  has  been  a  matter  of  consideration  for  a  long 
time,  and  the  speaker  believes  that  a  satisfactory  professional  status 
for  architects  has  been  defined,  but  years  will  elapse  before  it  is  fully 
and  unanimously  accepted. 

Taking  the  architect  as  basis  for  argument,  it  may  be  clearly  appre- 
ciated that  any  one  designing  and  also  constructing  a  building  is  not 
acting  in  a  professional  capacity,  even  though  it  may  take  more  brains 
and  energy  than  merely  to  make  the  plans  and  superintend  the  con- 
struction. Applying  this  creed  to  engineering,  any  engineer  who 
departs  from  a  line  of  practice  in  which  he  is  delivering  to  his  client 
more  than  his  own  thoughts  and  ideas  is  departing  from  legitimate 
and  professional  practice;  for  these  thoughts  and  ideas  must  and 
should  be  untrammeled  by  any  question  of  individual  interest  of  the 
engineer  himself,  and  the  resultant,  whether  delivered  by  letter  or 
drawings,  belongs  to  his  client. 

The  first  problem  to  be  adjudicated  in  this  controversy,  and  more 
pertinent  probably  than  any  other  point,  is:  Is  it  of  advantage  to  the 
engineer  to  be  a  professional  man,  and  is  it  also  of  advantage  to  the 
country  at  large? 
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Mr.  Owen.  So  much  of  the  world's  progress  of  to-day  is  dependent  upon  the 
free  thought  and  careful  study  by  engineers  generally  that  it  may  be 
urged  that  by  limiting  an  engineer's  line  of  action  to  a  comparatively 
small  sphere  good  results  may  not  ensue,  and  the  pre-eminence 
achieved  by  engineers  here,  under  such  conditions,  may  be  easily  lost. 

Looking  carefully  over  the  field  of  civil  engineering,  with  its  vary- 
ing ramifications,  it  can  hardly  be  said  that  such  a  result  can  be  feared, 
as  it  shows  that,  as  time  goes  on,  the  purely  professional  practice  is 
gaining  greatly  on  the  so-called  merchantable  practice. 

Take  bridge  construction:  In  years  gone  by,  the  engineer,  in  most 
cases,  designed  and  erected  the  structure.  To-day,  the  best  and  most 
costly  structures  of  that  class  are  being  designed  by  purely  profes- 
sional engineers.  In  pumping  machinery,  so  long  considered  a  purely 
manufacturing  industry,  the  designs  of  professional  engineers  have 
shown  better  results  in  economy  and  duty.  In  railroad  construction, 
to-day,  the  engineering  is  purely  professional;  and  in  water  and  sewer- 
age works,  by  far  the  larger  proportion  is  constructed  on  professional 
lines.  Thus  it  will  be  seen  that  there  will  be  a  very  small  limitation 
by  the  engineer  confining  himself  to  purely  professional  lines,  and  if 
such  limitation  is  in  any  case  individually  harmful  or  irksome,  there 
is  no  prohibition  to  any  man  acting  in  other  lines,  except  that  his  work 
will  not  be  professional. 

It  has  been  said  that  the  crystalized  practice  of  any  engineering 
field  becomes  in  time  a  trade,  but  it  may  be  said  also  that  a  systematic 
trade  does  not  require  the  services  of  a  professional  engineer. 

Given  these  general  outlines  of  professional  engineering,  the  infer- 
ence can  be  drawn  that  it  is  professionally  wrong  for  an  engineer  to 
acquire  an  interest  in  any  patent.  If  he  acquires  a  patent  and  uses  it 
there  is  certainly  no  moral  delinquency,  but  it  lowers  the  dignity  of 
the  profession,  and  lowers  its  appreciation  by  the  public  at  large,  and 
*  it  is  gratifying  to  note  the  public  disapproval  based  on  a  report  of  a 
controversy  which  has  arisen  in  a  large  city  where  a  professional 
engineer  has  attempted  to  force  the  use  of  a  patented  article  on  con- 
struction work  over  which  he  has  control. 

In  conclusion,  the  speaker  desires  to  endorse  almost  all  the  remarks 
in  Mr.  Eldridge's  paper,  and  is  satisfied  that,  if  their  application  be 
made  on  purely  professional  lines,  there  will  be  no  divergency  of 
opinion. 
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LINE  AND  SURFACE  FOR  RAILWAY  CURVES. 

Discussion.* 


By  Chables  C.  Wentwobth,  M.  Am.  Soo.  0.  E. 


Chables  G.  Wentwobth,  M.  Am.  Soo.  G.  E.  (by  letter). — Mr.  Geddes  Mr.Went- 
mentions  favorably  a  feature  of  the  proposed  method  of  relieving    wortQa 
circular  curves:  That,  generally,  it  does  a  minimum  of  violence  to  the 
original  location.     This  is  due  to  the  length  of  the  center  line  being 
unchanged. 

There  is  another  feature  due  to  the  same  cause:  That  such  revis- 
ions, when  applied  to  a  preliminary  location,  will  result  in  a  line  that 
will  almost  invariably  fit  the  ground  better  than  the  original  simple 
circular  curves.  This  is  true  whether  the  original  line  be  one  seeking 
low  ground  over  a  point  or  high  ground  in  a  ravine:  The  departure 
from  the  original  circular  curve  is  in  the  right  direction  at  its  P.  G. , 
middle,  and  P.  T. 

Still,  as  Mr.  Geddes  seems  to  doubt  the  desirability  of  such  a  treat- 
ment of  circular  curves,  a  few  words  on  its  practical  application,  and 
the  advantage  to  be  derived  therefrom,  may  not  be  out  of  place. 

On  one  hand  there  is  what  may  be  called  current  practice.  Given, 
a  circular  curve,  with  its  tangent,  staked  out  on  the  ground  (as  every 
curve  must  be  at  some  period  of  its  existence),  this  given  center  line  is 
not  followed  when  the  track  is  being  put  in  final  condition  for  the  pas- 
sage of  the  trains,  but  the  points  of  curve  and  tangent  are  shifted  from 
one  to  ten  rail  lengths  in  order  to  introduce  that  necessary  easement 
which  may  be  called  the  "trackman's  spiral."  Finally,  elevation  is 
given  the  outer  rail,  by  general  rule,  fully  at  the  point  of  curve. 

♦Continued  from  April,  1909,  Proceedings.    See  February,  1908,  Proceedings,  for 
paper  on  this  subject  by  Charles  C.  Wentworth,  M.  Am.  Soo.  C.  E. 
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Mr.  Went-  Which  point  of  curve? — the  original  one,  the  final  one,  as  fixed  by 
the  trackman,  or  some  intermediate  point? 

It  will  be  seen,  then,  that  under  this  procedure  the  final  out- 
come in  a  given  case  cannot  be  fully  foreknown.  As  a  practical 
example  of  this,  see  the  discussion  by  Mr.  Boggs*  on  Mr.  Lee's  paper 
on  •'  Transition  Curves.1'  Nevertheless,  when  tempered  by  judgment 
and  experience,  current  rules  applied  to  such  work  do  secure  a  fairly 
good  result;  otherwise,  so-called  circular  curves  would  have  been 
abandoned  long  ago. 

A  partial  analysis  of  this  result  may  be  made  as  follows:  If  a  car 
were  to  pass  quickly  from  a  tangent  to  circular  curve  accurately  laid 
'  to  the  center  line,  but  without  elevation  being  given  to  its  outer  rail 
at  its  P.  C,  the  outward  lurch,  especially  at  the  forward  end  of  the 
car,  would  be  great.  A  contrary  lurch,  of  any  desired  magnitude, 
can  be  secured  by  elevating  one  rail  on  straight  track.  A  combination 
of  these  two  opposing  lurohes  may  produce  a  fairly  steady  car,  much 
in  the  same  way  that  two  properly  superimposed  sound  waves  pro- 
duce silence.  .  Just  how  much  elevation  of  the  outer  rail  is  required, 
in  any  particular  case,  at  the  end  of  the  tangent  or  the  beginning  of 
the  curve,  depends  on  the  essential  features  of  the  "  trackman's 
spiral";  but  such  elevation  is  generally  considerably  greater  than 
would  be  necessary  on  the  main  curve,  if  a  well-considered  transition 
spiral  had  been  introduced. 

These  considerations  may  be  exemplified  further  by  the  result 
attained  when  the  end  of  a  circular  curve  occurs  on  a  bridge.  Here 
limitations  are  imposed  as  to  the  lateral  departure  from  the  projected 
center  line;  and  the  elevation  of  the  outer  rail  is  given,  from  rules,  by 
the  bridge  carpenter.  Final  adjustment  by  the  trackmen  being  diffi- 
cult, or  impossible,  the  result  is  seldom  as  good  as  if  the  rails  were 
on  ties  and  ballast. 

On  the  other  hand,  there  may  be  a  center  line  staked  out  consisting 
of  circular  curves  connected  with  their  tangents  by  well-proportioned 
spirals.  On  laying  track  there  will  be  no  desire  on  the  part  of  the 
trackmen  to  deviate  therefrom;  as  such  a  center  line  is  what  they 
have  striven  for,  and  obtained  partially,  since  railways  began.  Monu- 
ments, then,  are  even  less  necessary  than  before.  A  certain  displace- 
ment is  avoided,  and  possible  displacements  are  no  more  apt  to  occur, 
or  more  injurious  if  occurring. 

If  the  elevation  of  the  outer  rail  be  thought  difficult  of  proper 
attainment  on  spirals,  it  will  be  granted  that  on  the  middle  circular 
curve,  at  least,  the  problem  is  unchanged.  If  an  elevation  of  1  in. 
per  degree  be  established,  then,  on  the  main  curve,  the  middle  ordi- 
nate to  a  chord  61.8  ft.  long  will  equal  the  required  elevation.  If  2 
ins.  per  degree,  the  length  of  the  chord  is  87.4  ft.  For  e  inches  eleva- 
tion per  degree,  the  length  of  the  chord  is  61.8  \/e^m  feet. 

*  Transactions,  Am.  Soc.  C.  E.,  vol.  xlvi.,  p.  890. 
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The  elevation  per  degree  of  ourve  being  assumed,  and  the  corre-  Mr.  Went- 
sponding  length  of  chord  known,  this  same  chord  will  determine  the  w 
elevation  of  the  onter  rail  at  any  point  on  the  spiral.  The  spiral  is 
readily  recognizable  by  its  uniformly  increasing  ordinate,  and,  in  the 
space  occupied  by  it,  an  extra  elevation  (say  J  in.)  is  to  be  provided, 
for  reasons  given  in  the  paper;  but  the  elevation  assumed  for  the 
main  curve  is  nowhere  to  be  exceeded.  Even  by  such  a  practical 
treatment  of  spirals  as  this,  better  and  more  certain  results  will 
be  attained  than  by  what  has  been  herein  (perhaps  inadvisedly)  called 
current  practice. 

In  bridge  work,  or  other  work  wherein  the  exact  position  of  the 
center  line  and  elevation  of  the  outer  rail  are  required  to  be  accurately 
foreknown,  the  writer's  method  allows  of  such  determination  precisely. 

The  writer  does  not  agree  with  Mr.  Geddes  that  what  is  needed  is 
a  short  spiral  fixed  by  tables.  There  is  no  more  reason  (apart  from 
the  labor)  for  a  uniform  spiral  than  for  a  uniform  degree  of  curvature 
for  all  main  curves.  Acting  on  this,  it  has  been  the  endeavor  of  the 
writer  to  simplify  means  for  a  general  solution  of  the  problem,  whereby 
the  engineer's  spiral  may  be  made  as  long  as  necessary  for  the  com- 
plete development  of  the  '•  trackman's  spiral,"  aforesaid. 

As  Mr.  Morse  says,  the  maintenance  of  the  low  rail  at  grade,  and 
the  elevation  of  the  outer  rail,  effects  the  motion  of  trains.  Whether 
such  is  sufficiently  prejudicial  to  cause  the  depression  of  the  inner 
rail  one-half— ordinarily  a  difficult  and  expensive  performance — may 
be  judged,  in  any  given  case,  on  such  lines  as  the  following: 

A  train  weighing  1  000  tons,  and  moving  at  a  speed  of  10  miles  per 
hour,  has  necessarily  stored  in  it  6  680  000  foot-pounds  of  energy.  If 
his  2°  30'  curve  be  taken  as  an  example,  with  its  elevation  of  6  ins.  in 
the  outer  rail  only,  the  energy  required  to  lift  the  center  of  gravity  of 
the  entire  train  3  ins.  is  500  000  foot-pounds.  The  remaining  energy 
assuming  that  the  engine  could  maintain  the  speed  of  10  miles  per 
hour,  save  for  the  resistance  due  to  the  manner  of  elevating  the  outer 
rail  only,  is  6  180  000  foot-pounds,  which  corresponds  to  a  speed  of 
9.6  miles  per  hour. 

This  reduction  of  speed  is  gradual,  and  is  finally  accomplished  at 
the  time  when  the  caboose  at  the  rear  of  the  train  reaches  the  summit 
of  the  elevating  grade.  In  other  words,  the  final  reduction,  of  only 
-xV  mile  per  hour,  is  reached  just  when  the  obstruction  is  passed. 

The  same  amQunt  of  energy  (500  000  foot-pounds)  is  imparted  to 
the  train  again  on  reaching  the  descending  grade  at  the  P.  T. ;  so  that 
the  net  result  of  this  pair  of  velocity  grades,  as  they  properly  are,  is 
zero;  and  an  argument  against  their  use  becomes  rather  one  against 
the  somewhat  prevalent  practice  of  overtaxing  that  willing  horse,  the 
locomotive  engine;  considering  that  the  lowering  of  the  inner  rail  be 
attended  with  any  difficulty  or  expense  whatever. 
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THE  SUPPORTING  POWER  OF  PILES. 

Discussion.* 


By  Ebnest  P.  Goodrich,  Jun.  Am.  Soc.  C.  E. 


Mr.  Goodrich.  Ebnest  P.  Goodbich,  Jun.  Am.  Soc.  0.  E.  (by  letter). — No  pile 
formula  can  give  more  than  an  approximation  to  the  supporting  power 
of  the  special  pile  observed,  and  only  at  the  time  of  driving;  but,  with 
an  intimate  knowledge  of  the  soil  conditions,  a  good  pile  formula  be- 
comes of  value,  and  considerable  money  often  can  be  saved,  at  the  time 
of  driving,  through  its  proper  application.  This  is  where  the  science 
of  pile  driving  can  influence  the  art. 

Of  course,  it  is  eminently  better  to  test  piles  under  the  actual  con- 
ditions to  be  encountered;  but  this  is  almost  invariably  impossible, 
the  few  actual  tests  of  even  single  piles  showing  this  conclusively. 

After  the  accumulation  of  whatever  evidence  and  experience  has 
come  down  to  us,  we  seem  to  be  justified  in  assuming  that  Sanders' 
formula,  as  it  is  usually  known,  when  applied  to  penetrations  of  from 
|  to  1  in. ,  comes  sufficiently  near  the  truth,  with  perhaps  the  need  of 
a  slight  change  in  his  constant. 

Two  other  formulas,  somewhat  different  in  character  in  that  they 
involve  falls  of  at  least  two  different  heights,  may  be  added  to  the  list 
for  reference : 


:      fp  —  p' 


Morrison:    i  -j ^  v  -nr 

Kreuter:      v  ,x^' 


Has  well:       )  constant  X  Wh  Vh_ 
McAlpine:    \  30  [  Wh  +  (0.228  Vh  —  1)  2240]. 

*  Continued  from  April,  1902.  Proceedings.    See  December.  1001,  Proceedings,  for 
paper  on  this  subject  by  Ernest  P.  Goodrich,  Jun.  Am.  Soc.  C.  E. 
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Haswell's  formula  is  based  on  a  penetration  of  i  in.  only,  and  Mr.  Goodrich, 
hence  is  hardly  comparable  with  the  others  in  that  it  does  not  involve 
a  variable  p.  In  this  respect,  it  is  like  that  of  Mc Alpine,  who  also 
has  V h.  Their  observations  and  conclusions,  which  make  the  sup- 
porting power  vary  with  the  square  root  of  the  fall,  are  at  variance 
with  the  work  of  the  writer  and  of  all  other  observers. 

TABLE  No.  3. — Variations  eh  Supporting  Power,  from  Varying 

Assumptions. 


o 

2 
5 
10 
90 
2 
9 
9 
2 
2 
2 
2 
2 
2 
0 
0 
0 
0 
0 
0 


* 


•  •  •  •  •      ■  i 


Formula. 


0.287 


0.270 


0.266 


0.280 


0.178 


0.270 


0.201 


0.182 


8.812 


8.812 


8.812 


Wh 

P 
Wh 

P 
Wh 

P 
Wh 

P 
Wh 

P 
Wh 

P 
Wh 

P 
Wh 

P 
WH 

P 
WH 

P 
WH 


10 


10 


10 


WH 

»P 
WH 

8p 

WH 

8p 

10  WH 

10  WH 

8p  +  A 
10  WH 

8p  +  A 


8.444  WH 

p  +  0.01 


Ftorp 
equals  1. 


166  000 
140  040 
188  000 
124  000 

08  600 
140  040 
110  160 

71  280 
140  040 


150  000 


146  100 


148  068 


Ftorp 
equals  4. 


606  160 


600  000 


629  411 


684  414 


Ftorp 
equals  4. 


87  260 


87  600 


87  100 


Percent- 
age of 
Error. 


88  860 


4.8 
0.0 
6.0 

11 

87 
0.0 

26 

62 
0.0 
0.0 
0.0 
0.6 
0.6 
0.6 
2 

11 
0.1 
0.6 

10 
8.0 
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Mr.  Goodrich.  To  show  the  possibility  of  wide  variation,  even  with  a  moat  care- 
fully prepared  formula,  for  small  variation  in  conditions,  Table  No.  3 
has  been  prepared.  It  is  believed  to  be  self-explanatory.  In  com- 
puting F,  W„  has  been  taken  as  3  000,  A  as  180,  H  as  15,  p  various,  t>' 
various  and  Rw  various. 

The  Annapolis  testa,  which  had  entirely  escaped  the  attention  of 
the  writer,  are  of  great  interest.  The  actual  load  and  the  load  com- 
puted by  the  writer's  final  formula  are  shown  in  Table  No.  4. 


TABLE  No.  4. 


i 

i 

Actual 

load. 

lOWH 

Nature  of  SoU. 

I 

* 

H 

70  000 

K  600 

Water.  IB  ft.;  mud,  (Oft.: 

■1 

Water,  13  ft.:  mud,  60  ft; 

Water,  11  ft.;  mud,  SI  ft 

1 

When  the  actual  values  of  Rw,  and  properly  assumed  values  of  v' 
are  used,  much  closer  computed  results  are  found,  but,  under 
ordinary  circumstances,  such  refinements  are  not  practicable. 

The  peculiar,  and  apparently  erratic,  variation  in  the  results  can 
be  readily  and  satisfactorily  explained  by  the  soil  conditions,  but 
strongly  go  to  prove  that  a  pile  formula  alone,  without  other  knowledge, 
is  indeed  a  poor  crutch. 

The  matter  of  a  proper  factor  of  safety  is  believed  to  be  one  which 
must  be  settled  specially  by  each  engineer,  for  each  piece  of  work  in 
hand,  from  known  soil  conditions  and  the  uses  to  which  the  founda- 
tion will  be  put. 

It  is  well  to  note  that  a  pile  will  fail  by  crushing  with  a  load  of  ap- 
proximately 6  000  lbs.  multiplied  by  the  square  of  the  diameter,  in 
inches;  and  loads  greater  than  given  by  this,  where  found  by  pile 
formulas,  should  be  discarded. 

A  series  of  experiments  somewhat  similar  to  those  made  by  the 
writer  and  illustrated  in  Figs.  2  to  14,  was  carried  out  by  Mr.  J.  M. 
Heppel,  in  England,  some  years  previous  to  1867,  but  his  description* 
is  too  meager  to  afford  mueh  information. 

The  writer  begs  to  acknowledge  his  appreciation  of  the  kind 
remarks  made  by  those  discussing  his  work. 

•  Mitiuttt  of  Proceeding!,  Inst.  C.  E.,  Vol.  xxvil,  p.  42. 
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THE  STIFFENING  SYSTEM  OF  LONG-SPAN  SUS« 
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By  Messrs.  L.  S.  Moissexff,  H.  A.  La  Chicottk  and  L.  L.  Buck. 


L.  S.  Moissexpf,  Assoc.  M.  Am.  Soc.  0.  E. — The  literature  on  the  Mr.  Moisseiff. 
subject  of  suspension  bridges  which  is  available  for  the  design  of  long- 
span  bridges  of  this  type  is  very  meager,  especially  in  the  English  lan- 
guage. The  information  given  in  standard  text-books  on  bridges  is 
either  obsolete,  in  its  cultivation  of  old  theories,  or,  where  more  mod- 
ern methods  are  followed,  this  information  is  so  scant  as  to  prove  of 
little  practical  value.  The  engineer  is  compelled  to  review  old  reports 
and  reprints,  many  of  which  contain  errors,  typographical  and  origi- 
nal. But,  more  serious  is  the  notable  absence  of  any  numerical  data 
on  suspension  bridges  of  spans  exceeding  1  000  ft. 

A  suspension  bridge,  in  its  action,  is  such  that  the  effect  of  moving 
load,  temperature,  etc.,  is  generally  not  represented  by  linear  equa- 
tions. This  means  that  the  stresses  do  not  vary  in  simple  proportion 
to  the  applied  forces.  Hence,  approximations  and  professional  guesses 
are  not  so  easily  made.  The  paper  presented  by  Mr.  Mayer,  therefore, 
will  be  much  appreciated  by  the  members  of  this  Society.  While 
chiefly  discussing  the  question  of  three-hinged  versus  two-hinged 
stiffening  trusses,  it  gives  numerical  values  and  averages  for  the  long- 
est span  suspension  bridge  yet  contemplated.     Therefore  the  absence 

♦This  discussion 
Proceedings  for  Febn 
pressed  may  be  brought  before  all  members  of  the  Society 

Communications  on  this  subject  received  prior  to  June  87th,  1902,  will  be  published 
subsequently. 
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Mr.  Moisaelff.  of  a  systematical  tabulation  and  the  lack  of  explanatory  diagrams 
will  be  much  regretted.  The  addition  of  a  few  sketches  and  some  addi- 
tional information  would  greatly  relieve  the  paper  of  the  mysterious 
air  now  hovering  over  it.  For  instance,  the  cross-section  of  the  cable 
is  nowhere  given,  and,  while  it  is  not  a  matter  of  much  difficulty  to 
determine  the  same,  such  information  should  certainly  be  given.  As 
presented,  in  order  to  make  some  simple  comparisons,  the  reader  has 
to  make  a  diligent  search  for  the  data. 

While  giving  the  numerical  results  of  a  concrete  case,  the  author, 
in  many  instances,  has  failed  to  give  the  intermediate  steps  in  their 
derivation,  and,  mainly,  the  assumptions  on  which  they  are  based. 
Just  comparisons  of  these  results  with  results  otherwise  obtained  are 
thereby  made  impossible.  This  applies  especially  to  the  values  given 
to  the  deflections  under  different  conditions.  The  notation  used  is 
also  unsystematic.  American  engineers  are  used  to  struggling  with 
much  wilful  notation,  and  are  accustomed  to  finding  in  each  book  differ- 
ent symbols  denoting  the  same  thing;  still,  they  will  find  the  author's 
notation  of  horizontal  wind  pressures  per  linear  foot,  as  x  and  y,  some- 
what out  of  the  usual. 

In  finding  the  "  Stresses  Produced  by  the  Change  in  Length  of  the 
Gables  in  Suspended  Stiffening  Trusses  of  Three  Hinges,"  the  author 
uses  the  formulas  deduced  by  him  in  Engineering  News.  These 
formulas  are  approximate  only,  as  stated  by  himself. 

It  used  to  be  an  axiom,  in  the  treatment  of  three-hinged  arches  and 
suspension  bridges,  that  stresses  due  to  changes  of  temperature, 
elongation  of  cables  and  displacement  of  the  points  of  support,  did 
not  affect  the  stresses  in  these  structures.  Their  deformations  were 
considered  to  be  insignificant,  and  their  apparent  statical  determinate- 
ness  eliminated  all  elastic  equations.  This  was  true  within  certain 
limits,  namely,  when  the  spans  were  short,  and  the  trusses  stiff  enough 
to  make  the  deformations,  due  to  the  above  causes,  so  small  as  to  be 
negligible,  thus  approaching  the  statical  assumption  of  rigidity. 
But  the  long-span  suspension  bridge,  with  its  comparatively  flexible 
stiffening  truss,  does  not  generally  come  within  these  limits.  Stresses 
due  to  elongations  of  cables  will  be  caused  in  three-hinged  as  well  as 
in  two- hinged  trusses. 

In  the  report  of  the  "Board  of  Engineer  Officers  as  to  Maximum 
Span  Practicable  for  Suspension  Bridges,"  G.  Lindenthal,  M.  Am. 
Soc.  C.  £.,  gives  the  first  analytic  treatment  of  the  subject  of  "  Tem- 
perature Strains  in  Three-Hinged  Arches. "  After  stating  that  the  old 
theory  of  freedom  from  temperature  stresses  is  erroneous,  he  con- 
tinues: 

"There  are,  of  course,  no  temperature  strains  in  the  middle  hinge, 
but  they  do  exist  for  any  change  from  the  normal  temperature  in  the 
arches  between  the  end  and  middle  hinges,  and  are  too  large  to  be 
neglected  in  the  computations. " 
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This,  of  course,  would  also  be  true  for  any  elongation  of  the  cables.  Mr.  Moimefff. 
In  the  succeeding  proof  of  the  foregoing  statement,  Mr.  Lindenthal  as- 
sumes that  the  new  curve  of  the  deflected  bridge  will  also  be  para- 
bolic, and  it  follows  that  "the  maximum  bending  moment  at  the 
middle  half-girder  is  as  large  as  in  the  middle  of  the  continuous 
girders." 

Professor  Joseph  Melan,  the  well-known  authority  on  suspension 
bridges,  has  also  taken  up  the  subject.*  After  stating  that  a  rigid 
treatment  of  the  problem  may  be  made,  but  is  difficult  and  cumber- 
some, Professor  Melan  approaches  the  subject  by  also  assuming  the 
new  line  of  equilibrium  to  be  a  continuous  parabola.  Assuming  the 
neutral  axis  to  bend  in  a  parabolic  curve,  it  follows  that  the  maximum 
temperature  stress  at  the  center  of  the  half-span  of  the  three-hinged 
bridge  is  80%  of  the  maximum  bending  moment  of  the  end-hinged 
stiffening  truss.  Professor  Melan  states  that  these  stresses  are  actu- 
ally excessive,  ' '  as  the  oable  does  not  remain  parabolic,  but,  due  to  the 
unequal  distribution  of  suspender  stresses,  it  forms  a  kink  at  the 
center." 

Mr.  Mayer,  in  his  analysis  in  Engineering  News,  on  which  the  com- 
putation of  temperature  stresses  is  based,  starts  with  another  assump- 
tion: He  assumes  the  trusses  to  remain  rigid  and  to  turn  around 
their  end  hinges.  With  the  assumption  of  rigid  trusses  it  is  also 
tacitly  assumed  that  the  distribution  of  the  load  on  the  suspenders 
remains  as  before.  The  cable  curves,  therefore,  will  remain  parabolic 
in  their  two  halves,  and  will  have  a  kink  at  the  center.  On  this 
assumption  the  author's  formula  is  based. 

It  will  be  noticed  that  the  two  different  assumptions  made  in  the 
analysis,  and  which  lead  to  entirely  different  conclusions  as  to  the 
importance  of  elongation  stresses  in  throe-hinged  stiffening  trusses, 
form  the  two  extreme  conditions  of  the  case.  The  assumption  of  the 
deflected  cable  remaining  one  continuous  curve  will  necessarily  give 
higher  values,  as  Professor  Melan  anticipates.  The  other  assumption 
of  the  rigid  truss  will  give  values  which  are  too  low.  The  actual  case 
will  lie  between  these  extreme  assumptions.  The  truss,  of  course, 
will  not  be  rigid,  but  will  deflect  and  thereby  change  the  curve  of  the 
cables  from  the  presupposed  parabolic  form.  The  new  curve  of  the 
cables  will  be  a  resultant  curve  intermediate  between  the  parabola  of 
the  original  curve  and  the  neutral  line  of  the  deflected  trusses.  The 
new  curve,  in  general,  will  consist  of  two  catenarian  halves,  the  tan- 
gents of  which,  at  the  center  of  the  span,  form  an  oblique  angle;  but, 
as  the  truss  increases  in  stiffness,  then  more  nearly  will  the  new  curve 
approach  the  two  parabolic  halves  having  a  kink  at  the  center. 

In  the  following  the  writer  will  endeavor  to  establish  the  general 

equation  of  this  curve.     The  general  reasoning  followed  is  analogous 

«  ■  i        ■  — . —         . 

*  Zeitschrift  dea  Oesterr.  Ing.  u.  Arch.  Vereina,  No.  86, 1900. 
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Mr.  Motaelff.  to  that  used  by  Professor  Melan,  in  determining  the  true  curve  of  con- 
tinuous end-hinged  stiffening  trusses,  in  his  work  on  •'  Suspension 
Bridges  and  Arches;"  its  application  to  the  three-hinged  truss  is 
original  with  the  writer. 

The  bridge  is  supposed  to  be  free  from  all  temperature  and  elonga- 
tion stresses  at  a  normal  temperature  and  under  the  fixed  load  only. 
It  is  also  supposed  that  then  the  curve  of  the  cable  is  parabolic.  Both 
assumptions  are  actually  verified  in  practice. 

Let  Hf  =  the  horizontal  pull  in  the  cables  at  the  normal  state 

under  fixed  load  only; 

S0  =  the  stress  in  the  suspenders,  per  linear  foot; 

K  =  the  weight  of  the  cable,  per  horizontal  foot. 
Then  the  differential  equation  of  the  equilibrium  polygon  will  be 


J*£j  — <*+*> 


(i) 


When  an  additional  load,  q9  per  linear  foot,  comes  on  the  bridge, 
or  any  other  change  takes  place,  the  suspender  stress  changes  to  Sly 
the  horizontal  pull  to  (Hf  +  H),  and  the  ordinate  of  the  equilibrium 
polygon  to  y  -f  tj.  These  new  quantities  are  again  subject  to  the 
equation  of  condition. 

-(H,+  H)*&±£  =  Sl  +  K 


d  x* 


(2) 


Fia.  17. 

tj  represents  the  deflection  of  the  cable  at  any  point  x  (Fig.  17). 
Meantime,  the  half  trusses  have  also  been  deflected.  If  we  neglect 
the  very  small  elongation  of  the  suspenders  due  to  the  change,  the 

2  x 
deflection  of  the  cable,  17  =  8  +  —r-  Af.     6  represents  here  the  deflec- 
tion of  the  truss  due  to  bending,  and  Af  the  deflection  of  the  cables 

2  x 
at  the  center  hinge.    The  expression,  — r-  Af,  represents  the  deflection 
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of  the  truss  due  to  its  turning  on  its  end  hinge,  as  can  be  seen  from  Vr.  Molraeiff. 

the  diagram. 

cP  6 
According  to  the  common  theory  of  flexure,  —  EI  -^  =  M,  where 

/  =  moment  of  inertia,  E  =  coefficient  of  elasticity,  and  M  the  bend- 
ing moment.  Since  the  load  per  unit  of  length  is  the  second  differen- 
tial quotient  of  the  bending  moment, 

SJT^"9-[*i-<\ (3) 

The  addition  of  the  foregoing  three  equations  gives: 

Writing  for  brevity, — ~  frf —  =  c* (5) 

and  assuming  /and  qto  be  constant,  within  the  limits  of  the  integra- 
tion, the  differential  equation  (4)  is  integrated  by  the  aid  of  a  partic- 
ular solution, 

dx1 

due  to  the  original  parabolic  form  —t—%  = -d-  and     ,  \    =   0, 


>a  -Ae      +  Ve  ~  R+B  \H+  ^'  +  c«    dx*  +         / 


£i,^"x^-c',  -  H  _  (JL-U. 


M 


««i*-^     +Be~C*—HTTTi  (*-¥■) (6) 

The  forces,  q  —  (s1  —  «0),a  oting  on  the  trusses  through  the  suspen. 
ders  cause  a  moment 

=  M0-  (fl,+   fl)  (*  +  ^-Af^-Hy (7) 

where  M0  represents  the  moment  which  the  same  load  would  produce 
in  a  simple  supported  beam  of  the  same  span,  /. 

The  comparison  of  equalities  in  Equations  6  and  8,  and  the  intro- 

4/ 
duction  of  y  =  -~-  x  (I  —  x)>  results  in 


(9) 


A.  E I         B  E I 
Cx  and  C2  are  constants,  being,  respectively,  — ^ —  and  — „— . 

The  values  of  (\  and  C2  are  determined  in  the  usual  way. 

I 
For  x  =  0,  6  =  0;  for  x  =  -5,  5  =  0.     This  gives  two  new  equa- 
tions, 
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writing 

8H      J  J       H 

Wherefrom,  we  obtain, 


H+H,       "     F  8/  q    "I  1—8     » 

0,=  *       +  -V       c*  <*       *«"     t      "T (10> 

!  — «  J  e  —  « 

<*— 4-jft+zfc (11) 

The  greatest  deflection  of  each  half  span  will  be  found  at  the 
quarter  point,  #  =  -r, 


"°>-°-HH+H* 

flc»+   4V85       7J 

2 

(12) 

The  catenary  character  of  the  deflection  curve  is  Been  at  once  from 
the  equations. 

In  the  case  of  a  span  of  1  433  ft.,  a  versed  sine  of  156  ft.,  stiffening 
trusses  35  ft.,  center  to  center  of  chords,  and  ratio  of  moving  load  to 
fixed  load  =  1  to  3. 5,  the  numerical  evaluation  of  the  foregoing  formu- 
las showed  a  deflection  at  the  middle  of  the  half-span  trusses  equal  to 
10%  of  the  deflection  at  the  center  hinge.  The  greatest  moment  in 
the  center-hinged  stiffening  truss,  due  to  the  elongation  of  the  cables, 
proved  to  be  about  40%  of  the  greatest  moment  of  the  end-hinged 
truss.  As  the  equations  show,  these  moments  are  also  depending  on  the 
ratio  of  moving  to  fixed  load  in  the  bridge  and  on  the  stiffness  of  the 
trusses.  As  it  might  have  been  expected,  the  true  equilibrium  curve 
of  the  cables  will  lie  between  the  two  extreme  assumptions  made  in 
the.  approximate  analysis;  so  are  also  the  stresses  induced  by  the 
deflection  between  the  two  extreme  values. 

The  author  finds  a  deflection  of  his  bridge  at  the  center,  under  full 
load  and  maximum  change  of  temperature,  of  ±6.9  ft.  He  then 
determines  the  stress  which  would  be  caused  by  this  deflection 
in  continuous  end -hinged  stiffening  trusses  of  60  ft.  and  140  ft.  depth, 
respectively.  This  comparison  is  erroneous.  A  continuous  truss, 
under  the  same  conditions,  will  deflect  less  than  one  with  a  center 
hinge.     While  the  center-hinged  truss  will  not  carry  much  load  to  the 
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abutments  as  a  trass,  the  one  without  a  center  hinge  will,  in  some  cases,  Mr.  Moiaaelff. 
carry  considerable  load.     The  cables  will  be  relieved  by  the  amount 
<carried  by  the  trusses,  and,  as  a  result,  their  deflection  will  be  less. 

Using  the  author's  notation  and  assumptions,  the  load  carried  by 
the  end-hinged  truss  is  given  by  the  following: 

The  greatest  moment,  due  to  the  load,  p,  per  linear  foot,  carried 


by  the  trusses,  is  M  =  ^-g-.     The  constant  stress  per  square  inch  in  the 

o 

M         d  P 
truss  assumed  by  the  author  will  then  be  t  =  -r— y  =  >f-j-2,  where  A  = 

a  A      o  a  A 

the  area  of  each  chord. 

The  author  deduces :  t  =  — r, —  =  Q",  A\  hence  the  load  per  linear 

/  o  a  A 

foot  carried  by  the  truss,  =  p  = 4 6. 

For  a  depth  of  truss,  d  =  60  ft. ,  and  an  average  area,  as  given  by 
the  author,  A  =  727  sq.  ins. ;  the  load  carried  by  trusses  results  in  p  = 
565  lbs.  per  linear  foot.  This  represents  6.7%  of  the  total  moving 
load. 

For  a  depth,  d  =  140  ft.,  and  the  same  section,  p  =  3  080  lbs.,  or 
36%  of  the  moving  load. 

The  cables  will  be  relieved  by  the  above  amount,  and  their  elonga- 
tion due  to  moving  load  will  be  proportionately  less.  For  the  140-ft. 
truss,  the  deflection  will  be  reduced  by  1.15  ft.,  or  about  17%  of  the 
total  deflection  assumed. 

It  would  also  appear  that  the  pointed  shape  which  the  cables  as- 
sume after  the  deflection  of  the  center-hinged  truss  should,  by  its  mere 
geometric  shape,  everything  else  being  equal,  give  a  deflection  in  ex- 
cess of  the  deflection  of  a  curve  continuous  over  the  center.  It  would 
not  be  surprising  should  it  be  found  that  the  increased  deflection  of 
the  three-hinged  truss  is  quite  a  considerable  percentage  of  the 
deflection  of  the  continuous  curve. 

The  whole  argument  of  the  paper  is  based  on  the  deduced  deflec- 
tions and  stresses  due  to  the  elongation  of  the  cables  by  moving  load 
and  temperature.  With  a  change  in  their  values,  the  whole  compari- 
son of  the  relative  economy  in  material  is  thrown  out.  It  would  ap- 
pear, therefore,  that  computations  nearer  to  the  actual  conditions 
should  be  made  before  conclusions  as  to  the  relative  economy  of  three- 
hinged  and  two-hinged  trusses  are  drawn. 

The  author  states  that  "three-hinged,  deep,  stiffening  trusses  have 
the  advantage  that  the  maximum  grade  is  only  one-half  of  that  which 
occurs  if  there  are  fewer  than  three  hinges. "  This  would  appear  to 
be  of  determining  importance.  If  a  three-hinged  truss  should  really 
have  one-half  the  maximum  grade  of  the  end-hinged  truss,  this  fact 
would  decide  the  case,  for  all  long-span  railroad  bridges,  against  the 
two-hinged  truss.     Fortunately,  such  is  not  the  case. 
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Mr.  Moiflseiff.       For  the  sake  of  general  comparison,  the  grade  will  be  expressed  as- 
an  algebraic  formula.     It  will  also  be  assumed  that  the  deflection  is- 
the  same  in  all  cases,  which,  as  shown,  is  not 
true.     For  a  three-hinged  truss  with  rigid 
stiffening  trusses,  the  grade  is  constant  up 

to  the  center,  and  is  given  by  tan.  a  =       . 

Fig.  18.  *** 18- 

For  a  continuous  truss,  hinged  at  the  ends,  the  following  cases 
may  be  considered  :  If  the  bending  of  the  truss  is  assumed  to  be  para- 

4  77 
bolic,  the  maximum  grade  at  the  towers  is  tan.  a  =  -y .  The  grade,  fol- 
lowing the  law  of  the  parabola,  will  decrease  to  zero  at  the  center.  If 
the  neutral  curve  is  assumed  to  be  circular,  the  same  is  a  very  close 
approximation.  This  is  the  author's  assumption.  It  means  that  the 
truss,  under  full  temperature  and  moving  load,  is  a  beam  of  constant 
stress  at  any  point  of  its  span. 

For  a  beam  of  constant  moment  of  inertia,  the  bending  will  follow 
the  common  neutral  curve.   According  to  the  common  theory  of  flexure^ 

M  =  E  I  -j—i>  hence,  tan.  ax  =  —  =  /  ~p-rd x,  integrated  between. 

the  limits  of  x,  which  makes  tan.  ax  =  0  and  tan.  ax  =  tan.  a^    For  a 
full  uniform  load,  M  =  -^  x  (I  —  x).     This  gives 


dp  p      fix2      a*H° 


pf 


2±EI' 
The  deflection  of  the  same  beam  at  the  center  under  the  uniform 

load,  p,  is,  as  is  well  knowo,  V  =  ^^^  X  5^7=  %  tan.  a. 

Hence,  tan.  a  =  3.2  y. 

Now,  the  distribution  of  greatest  moments  due  to  combined 
moving  load  and  elongation,  in  well  proportioned  two-hinged  stiffen- 
ing trusses,  is  such  that  the  section  of  the  chords  is  almost  constant 
for  the  middle  half.  The  conditions  causing  the  maximum  grade  are 
due  to  uniform,  or  almost  uniform,  distribution  of  load  on  the  truss. 
The  sections  of  the  chords  are  determined,  not  by  this  loading,  but  by 
partial  moving  load.  The  truss,  therefore,  evidently,  will  never  be  in 
the  condition  of  constant  stress  assumed  by  tfye  author.  It  will  be 
much  nearer  to  the  assumption  of  a  constant  average  moment  of 
inertia. 

Actual  computations  on  the  deflection  of  a  two-hinged  truss,  of 
1  433  ft.  span  and  35  ft.  depth,  show  that  a  correction  of  about  %%  of 
the  deflection  would  bring  the  result  to  the  same  as  for  an  average 
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constant  moment  of  inertia  throughout.     The  grade  at  the  towers  will  Mr.  MoiMeiff. 

then  be  %tan.  a  =  -y% 

As  was  found  from  the  true  deflection  curve  deduced  previously, 
well  proportioned  stiffening  trusses  of  the  three-hinged  type  will  de- 
flect at  the  quarter  points  about  10%  of  the  deflection  at  the  center,  or 

i.     Supposing  the  assumption  of  circular  bending  to  be  true  for  oen- 

ter-hinged  trusses,  the  greatest  additional  grade  due  to  this  deflection 

0  8  ti 
"becomes    *       .     The  total  maximum  grade  of  the  three-hinged  truss 

2  8  ti  3  n 

ihus  becomes  ■  *       ,  as  compared  to  —j-  of  the  two-hinged  truss.   The 

difference  in  grade  between  the  two  systems,  then,  is  not  100%,  but 
About  1%. 

If  the  corrections  of  deflection  discussed  in  the  previous  part  of 
this  discussion  are  made,  the  above  small  difference  in  grade  will  com- 
pletely vanish,  and  it  will  probably  appear  that  a  three-hinged  will 
have  a  steeper  grade  than  a  two-hinged  truss.  Really,  it  should  not 
have  needed  so  many  figures  to  arrive  at  this  conclusion. 

Of  course,  all  this  discussion  of  the  maximum  grade  is  somewhat 
academical.  The  condition  of  extreme  cold  and  no  load  on  a  span  of 
such  length  will  seldom,  if  ever,  be  realized.  But  the  writer  believes 
that  such  a  sweeping  statement  as  to  grade  as  that  made  by  the  author 
should  be  contradicted,  as  it  conveys  an  erroneous  notion. 

The  obvious  result  of  the  introduction  of  a  center  hinge  is  the 
throwing  of  more  of  the  moving  load  on  the  oables.  The  same  is  true 
for  the  wind  system.  In  a  comparison  of  the  relative  economy  of  the 
two  systems  discussed,  the  effect  of  this  addition  on  the  cables  should 
be  considered.  The  writer  has  failed  to  see  in  the  paper  any  mention 
of  the  additional  load  on  the  cables,  and  its  effect,  if  any,  on  their  sec- 
tion and  increased  weight. 

The  effect  of  the  backstays  in  increasing  the  deflection  of  the  main 
span  shows  some  interesting  features.  Based  on  the  figures  given  by 
the  author,  it  will  be  easily  found  that,  at  mean  temperature  and  with 
a  fixed  load,  only  the  versed  sine  of  the  backstay  of  the  long  span  of 
1  740  ft.  will  be  29.8  ft*.  With  the  application  of  a  moving  load  cover- 
ing the  whole  span,  the  above  backstay  will  have  an  upward  deflection 
of  8.5  ft.  This,  of  course,  has  a  great  influence  in  making  up  the  de- 
flection of  the  main  span.  The  question  then  arises  as  to  whether  or 
not  the  introduction  of  a  properly  designed  side-span  stiffening  truss, 
hung  from  the  cables,  would  give  better  results,  under  the  condi- 
tions of  the  case. 

H.  A.  La  Chiootte,  M.  Am.  Soc.  C.  E. — The  subject  of  suspension  Mr.LaChicotfc 
bridges    has    not  received  the    same  attention  from   engineers    as 
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Mr.LaChicotte  would  be  expected  from  the  great  advancement  which  has  taken  place 
in  recent  years  in  other  branches  of  engineering  construction.  It  is 
scarcely  two  decades  since  the  development  of  American  bridges 
approached  present  standards,  and  in  this  time  but  one  suspension 
bridge  of  first  importance  has  been  constructed  in  this  country.  The 
demand  for  this  construction  has  been  limited  by  the  rare  conditions 
which  warrant  its  adoption;  and,  consequently,  it  is  not  strange  that 
this  subject  has  been  comparatively  neglected,  and  that  its  literature 
should  be  meager  and  widely  scattered.  The  author's  contribution, 
therefore,  is  of  interest  and  value  to  American  engineers,  as  contain- 
ing much  information  on  this  rather  abstruse  subject  not  hitherto 
readily  accessible. 

It  is  to  be  regretted,  however,  that  the  author  has  not  made  his 
discussion  more  general,  and  made  freer  use  of  diagrams  and  sketches 
to  illustrate  his  meaning  more  clearly,  inasmuch  as  the  text  of  the 
paper  is  often  obscure  or  ambiguous. 

In  making  such  free  use  of  data  pertaining  to  the  proposed  North 
River  Bridge,  and,  in  fact,  basing  his  discussion  of  the  subject  on  a 
special  design  for  that  particular  location,  there  is  a  tendency  to  limit 
discussion  and  direct  attention  outside  the  lines  suggested  by  the 
author.  At  the  outset  of  the  paper  the  features  chosen  for  special 
attention  are  the  proper  number  of  hinges  to  be  used  in  the  stiffening 
truss,  and  the  proper  depth  of  the  truss.  None  of  the  questions 
raised  on  these  points  has  been  answered  directly,  although  a  certain 
depth  was  assumed  for  each  style  of  construction;  but  nothing  is  given 
to  show  that  such  assumptions  are  proper,  or  that  some  other  depth  of 
truss  might  not  have  given  better  results.  In  a  general  discussion  it 
is  not  so  much  a  matter  of  importance  that  a  three-hinged  truss  140  ft. 
deep  be  cheaper  than  a  two-hinged  truss  60  ft.  deep,  or  than  cable 
bracing  50  ft.  deep;  but  rather  that  the  foregoing  depths  are  proper 
in  each  case,  and  why.  The  author  has,  no  doubt,  fully  investigated 
this  branch  of  the  subject,  and  will  give  it  in  some  detail  in  the  final 
discussion. 

Because  of  the  large  amount  of  labor  involved  in  a  technical  discus- 
sion of  this  kind,  it  is  hardly  to  be  expected  that  engineers  will  do 
more  than  engage  in  what  might  be  termed  a  negative  discussion ;  that 
is,  where  the  author's  arguments  are  not  convincing,  or  even  when 
direct  issue  is  taken  therewith,  a  mere  statement  to  that  effect  should 
be  sufficient  without  adducing  contrary  proof. 

One  of  the  chief  points  made  by  the  author  in  favor  of  the  three- 
hinged  truss  is  that  of  maximum  grade,  this  being  for  the  three-hinged 
truss  only  half  of  that  found  for  the  two-hinged  truss.  This  is  a 
matter  of  great  importance  in  a  bridge  to  be  used  for  railroad  traffic. 

The  author's  comparison  is  hardly  fair,  because  he  uses  the  same 
deflection  at  the  center  of  the  main  span  for  both  designs.     Under  the 
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influence  of  live  load  and  temperature,  the  cable  deflects  quite  MrXa  Chlorite 
uniformly  in  the  case  of  the  two-hinged  trass,  while,  with  the  three- 
hinged  truss,  the  cable  forms  a  kink  at  the  center  of  the  main  span 
under  the  restraining  action  of  the  two  half -trusses.  The  reaction  of 
the  trusses  at  the  center  hinge  pulls  the  cable  lower  than  in  the 
other  case,  thereby  increasing  the  deflection  materially  for  the  same 
load  and  temperature,  and  consequently  increasing  the  grade. 
Approximate  computations,  based  upon  the  author's  assumptions, 
show  this  increased  deflection  of  the  three-hinged  truss  to  be  46% 
greater  than  that  of  the  two-hinged  truss  for  the  same  load  and 
temperature. 

More  accurate  calculations,  based  upon  proper  assumptions,  will 
show  a  real  difference  somewhat  less  than  that  given  above. 

The  effect  is  to  increase  the  grade  of  the  three-hinged  truss  above 
.the  value  given  by  the  author. 

Again,  the  author's  assumption  of  uniform  unit  stress  throughout 
the  chords  of  two-hinged  trusses  cannot  be  realized  in  practice.  The 
moment  of  inertia  of  the  trusses  will  be  nearly  constant  over  the 
middle  half  of  the  span,  decreasing  toward  the  end  supports,  but  not 
so  fast  as  the  moments  due  to  temperature  and  load.  The  elastic 
curve  in  such  case  will  lie  intermediate  between  those  for  beams  of 
uniform  strength  and  of  uniform  section.  In  practice,  therefore,  the 
two-hinged  truss  will  not  bend  in  the  form  of  a  circle,  and  the  grade 
will  be  less  than  given  by  the  author.  The  net  result  is  that,  under 
the  same  conditions  of  load  and  temperature,  there  is  a  slight  advan- 
tage in  the  ratio  of  about  7  to  8,  in  favor  of  the  three-hinged  truss. 

For  finding  the  stresses  produced  by  the  change  of  length  of  the . 
cables  in  suspended  .stiffening  trusses  of  three-hinged  trusses,  the 
author  gives  the  formula: 

T_dl(w  +  q)L* 
hi* 
where  T=  the  load  per  linear  foot  of  truss  induced  by  a  deflection  6t; 
L  =  span  of  cables,  from  center  to  center  of  towers; 
J=     "     «  trusses,    "        "      "      "       "   supports; 
w  =  weight  of  cables  per  linear  foot  of  bridge; 
q  =  pull  of  suspenders    "  "  •' 

h  =  versed  sine  of  the  cable. 

If,  for  simplicity,  the  span  of  the  cable  and  the  truss  be  the  same, 
or  L  =  /,  and  as"  (w  +  q)  =  the  dead  load  of  the  bridge,  the  foregoing 
formula  may  be  written: 

r=-y  (dead  load). 

That  is,  the  load,  T,  which  is  simply  a  portion  of  the  dead  load 
picked  up  by  the  trusses  during  'deflection,  is  quite  independent  of 
the  length  of  span  or  moment  of  inertia  of  the  truss,  and  depends 
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Mr.LaCMoott*  only  on  the  total  dead  load  of  the  bridge  and  the  ratio  of  deflection 
to  the  original  versed  sine,  or  dip  of  the  cable. 

If  dl  =  hf  the  trass  would  carry  the  whole  uniformly  distributed 
dead  load  exoept  the  weight  of  the  cable,  and  the  cable  would  carry 
its  own  weight  and  the  reaction  of  the  trusses  at  the  center  hinge. 
Under  these  conditions  the  cables  would  assume  the  position  of  tan- 
gents to  their  original  curve,  but  they  are  prevented  from  so  doing  by 
their  own  weight,  and  because  their  length  is  not  sufficient  to  permit  it. 

The  formula  is  not  correct  in  form,  but  may  give  approximate 
results  for  comparatively  small  deflections. 

Again,  in  the  application  of  this  formula,  exception  may  be  taken 

to  the  author's  statement  that: 

"  In  three-hinged  stiffening  trusses  those  stresses  which  are  due  to 
the  lengthening  of  the  cables  from  moving  load  are  of  opposite  sign 
to  the  maximum  moving-load  stresses  occurring  at  the  same  time;  their 
neglect  is  therefore  on  the  safe  side,  giving  maximum  stresses  consider- 
ably too  large." 

This  statement  is  apt  to  be  misleading,  and  this  instance  serves  to 
emphasize  the  danger  of  basing  a  general  argument  on  a  specific  case 
involving  special  conditions  and  assumptions. 

The  formula  previously  given  denotes  the  load  imposed  on  the 
trusses  by  a  deflection,  Slt  due  to  elongation  of  the  cables.  There  is 
no  reason  for  discriminating  between  the  elongation  due  to  tempera- 
ture and  that  due  to  live  load,  except  as  to  amount;  in  other  words,  it 
matters  not  how  the  elongation  of  the  cable  is  produced,  it  will  cause 
deflection,  and  the  latter  will  induce  stress  in  the  trusses.  The  posi- 
tive and  negative  moments  are  not  necessarily  coincident  or  equal,  as 
•  the  maximum  position  may  be  produced  by  a  short  load  more  or  less 
concentrated,  while  the  maximum  negative  moment  in  one  half -span 
is  generally  produced  by  a  load  covering  nearly  all  of  the  other  half- 
span.  Broadly  speaking,  however,  the  maximum  positive  and  negative 
moments  of  the  two  half -trusses  are  about  equal  and  occur  simulta- 
neously, when  the  load  nearly  covers  one  half-truss. 

Under  this  condition,  a  rise  of  temperature  increases  the  positive 
moment  and  deoreases  the  negative,  while  a  fall  of  temperature  has 
the  contrary  effect.  The  effect  of  temperature  on  the  moments  is  due 
to  a  change  of  length  of  the  cables,  and  any  oause  which  produces  a 
change  of  length  of  cable  will  affect  correspondingly  the  moments  in 
the  trusses. 

If  the  supports  of  the  trusses  are  adjusted  so  that  the  latter  are  free 
from  stress  at  mean  temperature,  the  maximum  stresses  in  the  trusses 
are  due  to  partial  live  load  only,  and  are  equal  and  opposite. 

If  the  temperature  rises  or  falls,  and  produces  positive  or  negative 
stresses  in  the  trusses,  these  stresses  are  to  be  added  algebraically  to 
those  produced  by  live  load,  in  order  to  obtain  the  maxima.  There- 
fore, at  a  low  temperature,  the  maximum  or  total  negative  stresses 
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-will  be  larger  than  the  positive,  and  vice  versa.    Since  any  elongation  Mr.LaOhiootta 

of  the  cables  produces  positive  stress  in  the  trusses,  it  is  necessary,  in 

order  that  the  maximum  positive  and  negative  stress  be  equal,  that 

ihe  neutral  condition  of  the  truss  be  assumed  at  such  temperature 

and  loading  that  the  total  upward  and  downward  deflection  of  the 

truss,  under  combined  temperature  and  live  load,  be  equal. 

The  correctness  of  the  author's  statement,  quoted  previously, 
depends  entirely  upon  the  assumed  temperature  and  loading  at  which 
the  trusses  are  neutral  or  not  stressed. 

If  such  assumptions  give  greater  negative  than  positive  stresses, 
the  statement  is  correct;  as  any  elongation  of  the  cables,  whether  from 
temperature  or  live  load,  reduces  the  negative  moments  or  stresses  in 
the  trusses ;  but  it  likewise  increases  the  positive  moments,  and  there- 
fore, for  the  neutral  condition  of  the  trusses,  that  condition  of  load 
and  temperature  should  be  chosen  which  will  make  the  maximum 
positive  and  negative  moments,  under  these  combined  influences, 
«qual,  and  the  smallest  possible. 

Another  statement,  in  which  the  author  has  not  made  himself  clear, 
is  the  following : 

"  The  stresses  in  the  chords  of  three-hinged  stiffening  trusses  pro- 
duced by  changes  in  the  length  of  the  cables  vary  with  change  in  the 
depth  of  these  trusses  in  the  same  ratio  as  the  stresses  due  to  an  un- 
equally distributed  moving  load.  The  chord  sections  must  vary  nearly 
as  the  sum  of  these  stresses.  The  former  stresses  per  square  inch  of 
chord  section,  therefore,  are  nearly  the  same,  whatever  the  depth  of 
the  three-hinged  trusses. " 

It  is  quite  evident  that  the  author  does  not  convey  the  meaning  he 
intended,  but  there  is  also  some  doubt  as  to  what  that  meaning  really 
is.  Why  temperature  stresses  should  vary  with  the  depth  of  truss  "  in 
.the  same  ratio  "  as  live-load  stresses,  is  not  easily  apparent.  Upon 
the  author's  assumption  that  the  two  half-trusses  remain  practically 
straight  for  all  positions  of  the  cables — a  condition  approximately 
realized  only  with  very  deep  trusses — the  chord  stress  will  vary 
-directly  as  the  depth  of  truss  in  the  same  manner  (not  ratio)  as  the 
stresses  due  to  live  load.  This  being  so,  the  next  statement  of  the 
author  follows  naturally,  viz.,  "the  chord  sections  must  vary  nearly 
as  the  sum  of  these  stresses,"  but  it  must  be  added  that  the  chord 
sections  vary  inversely  as  the  depth  of  the  truss.  It  does  not  follow, 
however,  that  ' '  the  former  (temperature)  stresses  per  square  inch  of 
section,  therefore*,  are  nearly  the  same,  whatever  the  depth  of  the  three- 
hinged  trusses."  Such  may  be  the  fact,  but  the  arguments  leading  up 
to  this  conclusion  are  far  from  convincing. 

It  is  true  that  the  deeper  the  truss,  the  greater  the  moment  tending 
to  produce  distortion,  but  this  moment  depends  upon  the  rigidity, 
rather  than  upon  the  depth,  of  the  truss.  It  is  impossible,  however, 
that  the  temperature  stress  per  square  inch  of  chord  section  should 
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Mr.LaChfcotte  vary  directly  as  the  depth  and  at  the  same  time  be  "nearly  the  same, 
whatever  the  depth  of  the  three-hinged  trusses. " 

The  author's  statements,  as  quoted  herein,  are  too  sweeping,  and,, 
while  he  may  find  some  justification  for  them  in  the  special  design  with 
which  he  deals,  in  the  speaker's  opinion,  they  will  not  be  found  capable 
of  general  application. 

Mr.  Buck.  L.  L.  Buck,  M.  Am.  Soo.  G.  £. — In  reference  to  the  question  of 
stiffening  trusses :  When  the  speaker  rebuilt  the  suspended  structure 
of  the  Niagara  Railroad  Suspension  Bridge,  the  moving  loads  per  foot 
passing  over  it  were  about  1  200  to  1  400  lbs.,  and  the  trains  were 
hauled  by  a  medium-weight  shunting  engine.  The  structure  had  to 
be  erected  without  interrupting  traffic  over  the  bridge,  and,  conse- 
quently, it  was  necessary  to  give  the  trusses  about  the  same  depth 
as  the  old  ones. 

The  speaker  would  have  liked  to  decrease  the  depth  somewhat,  but 
that  was  out  of  the  question.  The  greater  the  flexibility  of  the  truss- 
the  less  the  stress  upon  its  members.  This  flexibility  would  ordinarily 
be  obtained  by  giving  the  truss  a  depth  that  would  allow  that  flexi- 
bility with  given  unit  stresses.  With  the  depth  as  required,  it  was- 
necessary  to  obtain  the  flexibility  by  slacking  off  the  truss  rods,  as  each 
truss  rod  was  provided  with  a  turnbuckle  having  right  and  left  hand 
threads.  By  first  bringing  the  turnbuckles  up  to  a  bearing,  and  then 
turning  the  turnbuckle  back  about  half  a  turn,  it  gave  i  in.  of  slack, 
which  afforded  the  flexibility  required. 

Some  years  after,  during  August,  when  the  temperature  was  about 
maximum,  the  foreman  noticed  that  these  rods  were  slack,  and,  think- 
ing that  they  ought  to  be  drawn  up  tight,  went  to  work  and  screwed 
them  all  up.  They  had  formerly  been  adjusted  at  mean  temperature, 
in  which  case  the  temperature  would  produce  no  stress  on  the  mem- 
bers at  that  temperature,  and  as  the  whole  change  or  deflection  between 
the  extremes  of  temperature  was  2  ft. ,  of  course  the  truss  wonld  only 
have  to  bend  1  ft.  each  way  from  the  mean ;  but  tightening  up  these  truss 
rods  during  the  hottest  weather  required  a  bending  of  2  ft.,  enormously 
increasing  the  temperature  stresses.  At  the  same  time,  the  loads  per 
foot  had  more  than  doubled.  One  cold  morning  in  the  winter,  when 
the  upper  chord  had  a  very  heavy  tensile  stress  upon  it  from  tempera- 
ture, a  heavy  coal-train,  of  ten  cars,  with  the  heaviest  loads  on  each 
car,  ran  out  on  the  bridge  from  the  New  York  end,  and  produced  a 
very  heavy  stress  on  the  upper  chord  at  one-third  the  distance  from, 
the  other  end,  and  the  chord  broke.  The  train  went  on  across  the 
bridge,  and  merely  closed  up  the  break,  and  it  was  fully  as  capable  of 
resisting  a  compressive  etress  as  ever. 

The  speaker  cannot  quite  agree  with  Mr.  Hildenbrand's  suggestion 
that  the  stiffening  structure  is  not  important  in  the  suspension  bridge, 
but  thinks  it  is  of  vital  importance.     In  the  first  place,  with  excessive 
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deflections,  the  motion  is  very  disagreeable  to  passengers  riding  oyer  Mr.  Buck 
the  bridge,  and,  with  sneh  excessive  undulations,  the  cables  and  other 
members  would  rapidly  wear  out. 

There  is  another  question  as  to  the  depth  of  the  stiffening  truss 
that  is  not  very  often  considered,  and  that  is  the  amount  of  versed  Bine 
of  the  cable.  If  the  versed  sine  is  large,  the  truss  can  be  deeper  than 
if  the  versed  sine  is  smaller,  in  proportion  to  the  span.  With  the 
larger  versed  sine  there  is  not  so  much  vertical  change  in  the  cable 
between  extremes  of  temperature. 

A  steel  tower  has  the  effect  of  decreasing  the  amount  of  deflection 
between  the  extremes  of  temperature,  as  when  the  cables  lift  up,  the 
tower  is  shortened  somewhat — about  1  in.  in  100  ft. — and  vice  versa, 
thus  decreasing  the  change. 
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THE  BOHIO  DAM. 
Discussion.* 


By  Messrs.  J.  L.  Campbell,  J.  T.  Fobd  and  Geokge  S.  Mobjbon. 


Mr.  Campbell,  J.  L.  Campbell,  M.  Am.  Soc.  0.  £.  (by  letter). — In  1896  the  writer 
had  occasion  to  carry  an  irrigation  canal  across  the  Bio  Grande,  in 
southern  New  Mexico.  This  canal  is  34  ft.  wide  on  the  bottom,  and  is 
designed  to  carry  5  ft.  of  water.  The  river  at  the  point  of  crossing,  in 
the  apex  of  a  sharp  bend,  is  300  ft.  wide  and  was  carrying  about  500 
ft.  per  second  during  the  low-water  season,  when  this  work  was  done. 
The  entire  Bio  Grande  Valley  has  a  fertile  alluvial  soil,  from  2  to  6  ft. 
thick,  underlaid  throughout  by  a  deep  bed  of  fine  sand,  thoroughly 
saturated  to  within  about  10  ft.  of  the  surface.  The  river  channel  is 
composed  of  fine  sand  and  quicksand,  with  some  fine  gravel,  all  taking 
a  slope  of  4  or  5  horizontal  to  1  vertical  when  saturated. 

The  elevation  of  the  grade  line  did  not  admit  of  an  overhead 
crossing,  and  the  canal  was  taken  under  the  river-bed  in  four  wooden 
pipe  lines,  each  50  ins.  inside  diameter.  The  tops  of  the  pipes  were 
placed  from  3  to  7  ft.  below  the  bottom  of  the  channel,  between  five 
parallel  rows  of  piling,  cut  off  and  capped  over  the  pipes  below  the 
bed  of  the  river.  All  this  necessitated  an  open  excavation  across  the 
river,  400  ft.  long.,  25  ft.  wide  on  the  bottom,  and  having  an  average 
depth  of  10  ft.  To  do  this,  a  temporary  channel  for  the  river  was  first 
out  aoross  the  neck  of  land  formed  back  of  the  crossing  by  the  bend 
in  the  river,  after  which  a  dam  of  sand  bags  was  thrown  across  the 

*  Discussion  continued  from  April,  1903,  Proceedings.    See  January,  1008,  Proceed- 
ings, for  paper  on  this  subject  by  George  8.  Morison,  MT  Am.  Soc.  C.  E. 
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channel  parallel  to  and  immediately  above  the  site  for  the  crossing,  Mr.  Campbell. 

and  made  tight  by  dumping  sand  on  the  upper  side.     This  forced  the 

water  through  the  temporary  channel,  and  the  excavation  for  the  pipe 

lines  began.     This  was  accomplished  as  an  open  excavation  by  the 

use  of  "  slip  "  scrapers,  the  sand  being  deposited  against  the  dam 

above  and  also  formed  into  a  dam  across  the  channel  below  to  prevent 

overflow  from  back-water,  as  the  river  rose. 

When  the  excavation  was  completed,  the  side  slopes  had  flattened 
of  their  own  accord  to  1  on  4,  due  to  the  saturation  of  the  fine  round 
sand.  The  water  in  the  river  stood  against  the  upper  dam  15  ft.  above 
the  bottom  of  the  excavation,  and  10  ft.  above  against  the  dam  on  the 
lower  side. 

The  water  was  kept  out  of  this  excavation,  which  had  a  filtering 
area  of  approximately  40  000  sq.  ft.,  under  an  average  head  of  12.5  ft., 
by  two  vertical  centrifugal  pumps,  one  a  No.  8,  and  the  other  a  No.  6. 
The  No.  8  pump  could  easily  keep  the  pit  clear  of  water  when  running 
at  its  normal  capacity  of  400  cu.  ft.  per  minute.  Taking  the  filtering 
area  of  the  pit  at 40  000  sq.  ft.,  and  the  mean  effective  head  of  water  at 
6.25  ft.,  the  velocity  of  inflow,  in  feet  per  second,  for  the  90-ft.  head 
on  the  Bohio  Dam  is  as  follows: 

400X90  _ 

40  000  X  6.25  X  60  ~  U,UU^  *" 

As  evidence  that  the  maximum  capacity  of  the  No.  8  pump  was 
greater  than  the  inflow,  there  was  an  interruption  of  the  pumping  for 
a  day,  after  which  the  pump  succeeded  in  emptying  the  pit  and  keep- 
ing it  empty,  the  No.  6  pump  being  out  of  service. 

In  making  calculations  for  a  large  storage  reservoir  in  the  bed  and 
valley  of  the  Bio  Grande,  the  writer  has  assumed  that  any  loss  of  water 
due  to  filtering  into  the  bed  and  sides  of  the  reservoir  would  steadily 
decrease,  due  to  the  filling  of  the  voids  in  any  sand-bed  by  the  fine 
silt  carried  by  the  river  settling  and  being  forced  into  the  sand  by  the 
heavy  pressure. 

New  irrigating  ditches  in  the  sandy  soil  of  this  valley  lose  much 
water  when  first  put  into  service,  but  soon  become  comparatively 
water-tight  by  a  coating  of  silt  deposited  by  the  water.  At  the  end  of 
an  irrigating  season,  a  ditch  with  a  light  grade  will  have  3  or  4  ins.  of 
pure  sediment  covering  its  perimeter.  The  writer  has  observed  that 
it  requires  several  hours  for  water  to  soak  through  6  or  8  ins.  of  this 
fine  clay  silt  after  it  has  been  thoroughly  dried,  and  that  percolation 
through  wet  strata  of  it  in  the  river  channel  is  inappreciable. 

If  the  Ohagres  carries  as  much  silt  as  the  Bio  Grande  (from  descrip- 
tions of  the  former  the  writer  concludes  that  in  this  respect  both  rivers 
are  quite  similar),  the  silting  of  the  reservoir  behind  the  Bohio  Dam 
would  certainly  tend  to  a  decrease  of  the  percolation  of  water  through 
all  reasonably  fine  sand  and  gravel  beds. 
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Mr.  Campbell  A  tight  row  of  sheet-piling,  40  or  50  ft.  deep,  under  the  dam,  would 
make  the  filtering  slow  and  difficult.  The  conditions  of  a  filter-bed 
specially  prepared  to  pass  water  at  given  rates  are  more  favorable,  and 
will  give  a  higher  rate,  than  the  indiscriminate  mixtures  forming  the 
structure  of  alluvial  valleys.  Proof  of  this  is  found  in  the  fact  that 
even  filter-beds  rapidly  become  clogged,  and  require  constant  cleaning. 

Mr.  Ford.  J.  T.  Ford,  Esq.*  (by  letter). — It  is  obvious  that  the  dam  proposed 
by  Mr.  Morison  is,  per  ae,  superior  in  stability  to  the  dam  proposed  by 
the  Commission,  not  only  because  of  its  greater  mass,  shorter  distance 
across  the  valley  between  abutments,  and  form  of  construction,  which 
assures  homogeneity  throughout  and  extraordinary  cheapness,  but  also 
because  the  masonry  core-wall,  especially  that  part  of  it  which  comes 
above  the  present  natural  ground  line,  in  the  Commission's  plan, 
divides  the  whole  structure  into  two  disconnected  wedges  of  earth, 
subject  to  possible  different  degrees  of  subsidence  on  opposite  sides — 
the  upper  part  of  the  oore-  wall  may  possibly  crack  under  unequal  pres- 
sures— and,  if  reliance  is  placed  mainly  on  that  core- wall  for  tightness, 
the  results  may  possibly  be  disappointing,  from  a  variety  of  causes, 
and,  under  extreme  conditions,  the  danger  point  may  even  be  reached 
long  before  such  conditions  could  affect  or  even  threaten  the  safety  of 
Mr.  Morison's  dam. 

The  writer  proposes  a  masonry  apron- wall  of  peculiar  construction, 
absolutely  sealing  the  geological  valley  at  about  the  site  of  Section  C, 
i.  e. ,  the  French  dam  site,  the  narrowest  point  of  the  valley,  and  extend- 
ing only  up  to  the  natural  ground  level,  not  into  the  structure  of  the 
dam  at  all,  but  simply  as  an  additional  or  complementary  feature  of  the 
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SECTION  C(NO.  1) 


Fig.  16. 


first-class  structure  proposed  by  Mr.  Morison.  See  Fig.  16,  the  cross- 
section  of  the  valley  (No.  1)  at  (7,  and  the  cross-section  of  the  author's 
dam —  VXYZ  (No.  2).  The  method  here  proposed  for  constructing  this 
apron-wall  is  entirely  novel,  as  far  as  the  writer  knows.  A  good  work- 
ing shaft  is  sunk  at  A,  Fig.  16,  at  any  desirable  distance  up  the  bank 
and  away  from  the  edge  of  the  water  at  normal  river  level;  this  shaft 
should  go  down  to  bed-rock,  and  its  upper  end,  above  ground,  should 
be  suitably  protected,  if  necessary,  from  extraordinary  flood  levels. 
A  tunnel  (No.  1)  is  then  started  at  the  bottom  of  the  shaft  in  both  direc- 

*  M.  Insl.  C.  E. 
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tions  in  the  alignment  of  the  proposed  dam,  of  suitable  dimensions  Mr.  Ford, 
and  timbered  in  the  ordinary  way,  the  bed-rock  being  followed  and 
effectually  sealed  as  the  basis  for  the  first  tunnel  floor.  If  the  seepage 
is  great  the  excavation  can  be  filled  as  soon  as  timbered  in  compara- 
tively short  sections,  or,  if  too  much  seepage  exists  for  pumping,  it  is 
possible  to  nse  the  freezing  process  for  driving  the  tunnel,  or  even  the 
extreme  necessity  of  an  air-lock  carried  forward  at  the  end  of  the  tun- 
nel would  in  such  a  position  still  give  advantages  over  the  present 
pneumatic  methods,  for  cheap  handling  of  material  to  be  removed, 
boulders,  etc. ,  and,  most  important  of  all,  an  absolutely  perfect  seal- 
ing of  the  bed-rook.  The  gallery  along  the  center  of  the  tunnel  would 
be  left  with  such  dimensions  as  would  permit  of  effective  handling  of 
the  material  in  and  out  to  the  shaft,  pipes  for  the  pumping  and  venti- 
lation, etc.,  and,  when  completed,  tfce  galleries,  if  desired,  could  be 
filled  with  solid  concrete,  but  it  would  seem  to  the  writer  a  very  great 
advantage  indeed  to  leave  the  galleries  open  for  permanent  inspection 
of  the  work  at  all  times.  The  jointing  of  the  successive  sections  of 
such  a  tunnel  would  not  be  either  smooth  or  perpendicular,  but  prefer- 
ably be  left  with  their  natural  slopes,  after  complete  ramming,  to 
receive  the  filling  for  the  next  section,  which  would  thus  give  a  con- 
tinuous and  satisfactory  line  of  hollow  wall,  perfectly  tight,  both  in  its 
bed  joints  and  section  joints;  it  would  also  be  desirable  to  leave  suf- 
ficient space,  below  the  roof  timbering  of  the  tunnel  and  above  the 
concrete,  for  the  proper  ramming  and  depositing  of  the  material. 

Tunnel  No.  2  would  then  be  started  from  Shaft  A,  the  roof 
timbering  of  Tunnel  No.  1  being  removed  and  the  top  of  Tunnel  No.  1 
replacing  the  bed-rock  as  the  floor  for  Tunnel  No.  2,  and  so  on,  in 
succession,  until  such  height  is  reaohed,  or  such  conditions  found  as 
to  seepage,  etc.,  when  it  might  be  more  convenient,  or  cheaper,  to 
break  ground  at  the  top,  with  caisson  and  ordinary  pneumatic  work, 
and  sheet-piling  in  the  ordinary  way,  to  carry  the  wall  up  to  the  origi- 
nal ground  surface.  Thus  the  most  expensive  and  difficult  part  of  the 
core- wall  would  be  built  under  water  without  disturbing  the  overlying 
strata  or  letting  in  the  water  at  all,  and  without  assuming  any  risks  of 
flood  or  other  damage  during  the  protracted  periods  of  early  construc- 
tion. The  valley  would  be  sealed  with  a  perfect  and  continuous  wall, 
instead  of  a  series  of  semi-detached  masonry  columns;  or,  to  express 
it  in  other  words,  a  wall  with  horizontal  bed-joints  would  be  built, 
instead  of  the  so-far  unprecedented  vertical  bed-joints  proposed  in  the 
Commission's  plan.  The  result  would  be  a  wall  capable  of  inspection 
at  any  and  all  times  during  and  after  construction. 

Few  words  need  now  be  said  as  to  the  cost.  The  problem  is  simply 
the  construction  of  1  600  linear  feet  of  tunnel,  only  differing  from  any 
ordinary  railway  tunnel  in  that  the  hole  through  the  middle  is  smaller 
and  that  successive  sections  of  the  tunnel  are  on  top  of  each  other 
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Mr.  Ford,  instead  of  being  continuous  from  the  end.  What,  then,  will  be  the 
cost  of  1 600  ft.  of  such  tunnel,  under  the  conditions  described  as 
obtaining  at  Bohio?  The  writer  ventures  to  assert  that  he  would 
make  money  on  the  contract  at  an  average  coat  of  $250  per  linear  foot. 
Thus  the  cost  of  1600  ft.  would  be  about  $400000.  Assuming  that 
price  to  be  doubled,  and  made  8500  per  linear  foot,  the  question  is 
simply  this:  Is  it  worth  the  sum  of  9800  000,  in  addition  to  the 
$2430  810  total  for  Mr.  Morison's  excellent  dam,  to  place  that  struct- 
ure beyond  cavil  or  risk  of  any  kind,  and  thus  keep  the  total  cost  of 
that  great  structure  at  a  figure  but  little  more  than  one-third  of  the 
total  cost  of  the  less  desirable  type  of  dam  proposed  by  the  Commis- 
sion ? 

Mr.  Moriaon.  George  S.  Mobison,  Past-President,  Am.  Soc.  C.  E.  (by  letter). — 
In  closing  the  discussion  the  writer  feels  that  it  is  only  right  to  express 
his  gratification  at  the  manner  in  which  this  paper  has  been  received 
and  the  general  tenor  of  the  remarks  which  it  has  brought  out. 

The  third  plan  was  purposely  put  forward  in  the  boldest  form, 
with  no  provision  to  limit  seepage,  as  it  was  the  wish  of  the  writer 
to  have  the  dam  considered  on  the  assumption  that  no  efforts  were 
made  to  shut  off  the  seepage  of  water  in  the  permeable  earth  below. 
It  was  not  so  much  his  purpose  to  show  what  might  be  done  as  to 
raise  the  question  of  the  measure  of  danger  which  would  exist  if 
nothing  were  done.  While  it  is  not  good  engineering  to  spend  for  any 
purpose  a  sum  incommensurate  with  the  results  achieved,  neither  is 
it  good  engineering  to  neglect  inexpensive  methods  which  may  be 
expected  to  reduce  loss.  In  actual  construction,  the  writer  would 
expect  to  make  use  of  simple  methods- which  would  be  likely  to  reduce 
the  flow  of  water  through  the  permeable  material  in  the  bottom  of  the 
valley.  Various  plans  suggest  themselves.  One  would  be  to  drive  a 
diaphragm  of  iron  or  steel  sheet-piling,  which,  with  the  aid  of  a  water 
jet,  could  be  driven  to  a  very  great  depth,  possibly  to  the  underlying 
rock.  The  method  proposed  by  Mr.  Ford  is  original,  and  would  prove 
effective  when  done,  although  the  writer  believes  it  would  be  neces- 
sary to  resort  to  the  use  of  compressed  air,  and,  perhaps,  even  to  the 
freezing  process,  and  that  its  cost  would  be  much  greater  than  Mr. 
Ford  has  estimated.  The  method  proposed  by  Mr.  Duryea,  of  grout- 
ing the  sand  with  a  cement  paste  forced  down  through  pipes  under 
pressure,  was  considered  by  the  writer,  and  he  believes  that  it  would 
prove  both  economical  and  effective;  his  present  feeling  is  that  he 
should  use  this  device  if  he  actually  had  to  construct  the  dam.  It  was 
the  aim  of  this  paper,  however,  to  show  that,  however  desirable  such 
additional  protection  might  be,  it  was  not  really  necessary,  and  that 
a  dam  could  be  built  which  would  be  absolutely  safe  and  economic- 
ally water-tight,  without  the  use  of  any  unusual  methods,  and  which 
would  require  a  minimum  of  skilled  labor. 
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The  particular  form  of  dam  adopted  by  Mr.  Stearns  for  the  North  Mr.  Morison. 
Dike,  with  the  high  rounded  crest,  which,  while  costing  but  little,  gives 
additional  security  against  waves  breaking  over  the  dam,  is  probably 
an  improvement  on  the  section  adopted  by  the  writer,  but  it  would  be 
much  less  important  at  Bohio  than  at  Wachnsett,  simply  because  the 
location  of  the  Bohio  Dam  at  the  end  of  a  narrow  waterway  at  some 
distance  from  the  broad  lake  is  one*  in  which  the  waves  are  less  likely 
to  be  violent.  Mr.  Stearns'  studies  and  work  in  this  connection  are 
of  a  character  which  the  engineering  profession  cannot  appreciate  too 
highly. 

Mr.  Campbell's  calculation,  giving  a  speed  for  the  flow  of  water 
through  the  gravel  and  sand  practically  identical  with  that  calculated 
by  the  writer,  is,  perhaps,  a  coincidence  rather  than  more.  In  this 
calculation  no  account  is  taken  of  the  difference  in  the  coarseness 
of  the  materials,  or  of  the  distance  through  which  the  water  must 
travel.  In  all  probability  the  sand  in  his  work  was  finer  than  the 
sand  which  the  writer  has  estimated  on,  and  the  length  through  which 
the  water  must  pass  was  probably  considerably  less,  the  two  balancing 
each  other. 

The  writer  takes  issue  with  the  statements  made  by  Mr.  Burr,  that 
"  there  is  no  basis  for  any  prediction  as  to  the  existence  of  conditions 
which  would  make  it  even  approximately  accurate  in  this  connection 
to  use  a  formula  derived  from  experiments  in  small  filters,  even  though 
that  formula  be  admirably  adapted  to  all  other  filter  conditions,"  and 
by  Mr.  Menocal  that  the  formula  "  deduced  by  experiments  by  Mr. 
Allen  Hazen,  on  filter  beds  with  small  heads  and  selected  material,  is 
not  applicable  to  the  conditions  of  this  problem,  as  a  small  change  in 
temperature  or  in  the  diameter  of  the  sand  grains  would  give  widely 
divergent  results,  tending  to  check  faith  in  the  conclusions. "  It  is 
perfectly  true  that  Mr.  Hazen 's  formula,  like  all  other  hydraulio  for- 
mulas, is  derived  from  experiments  on  a  comparatively  small  scale. 
On  the  other  hand,  it  is  no  less  true  that  formulas  which  cannot  be 
used  to  determine  actual  results  can  be  safely  used  to  determine  maxi- 
mum results.  The  writer  has  never  contended  that  his  calculations 
made  with  this  formula  were  close  indications  of  what  the  actual  seep- 
age would  be.  He  does  insist,  however,  that  they  show  a  maximum 
seepage,  which  maximum  he  believes  to  be  many  times  what  the  actual 
seepage  would  prove.  In  this  connection,  the  words  of  Professor 
Forchheimer  are  exactly  to  the  point.  His  Table  No*.  8  shows  the  rapid 
reduction  in  the  passage  of  water  through  unwashed  sand  as  compared 
with  clean  sand  of  the  same  effective  diameter,  while  his  Table  No.  9 
shows  velocities  which  are  but  a  small  fraction  of  that  which  the 
writer  has  estimated  upon.  The  sand  under  the  Ghagres  Biver  is 
unwashed  and  undoubtedly  mixed  with  much  foreign  matter;  the  sands 
analyzed  by  Mr.  Hazen  had  all  been  washed  by  the  water  in  which  they 
-were  brought  from  the  bore  holes. 
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Mr,  Morton.  Fig.  17  shows  the  results  of  the  borings  made  on  or  near  the  pro- 
posed dam  site.  That  these  borings  show  some  irregularities  is 
•  undoubtedly  true,  but  they  indicate  that  there  is  generally  permeable 
material  in  the  lowest  part  of  the  valley.  The  conditions  under  which 
a  given  cross-section  would  pass  a  maximum  amount  of  water  would 
occur  when  the  position  of  that  permeable  material  was  perfectly  reg- 
ular so  that  it  formed  a  straight  and  direct  body  of  sand;  the  writer 
has  assumed  this  material  to  be  in  such  position.  If,  however,  it  is 
as  Mr.  Burr  states,  distributed  "  in  the  most  irregular  and  irregularly 
limited  strata  or  pockets,"  the  difficulty  which  the  water  would  meet  in 
passing  through  would  be  aggravated  by  such  irregularities,  and  the 
seepage  would  be  reduced.  The  total  length  of  borings  shown  in  Fig. 
17  below  tide  water  is  6  075  ft.,  of  which  816  ft.  indicated  permeable 
material.  The  total  cross-section  of  the  valley  at  Section  C  below  tide 
water  and  above  rock  is  59  400  ft.  If  the  permeable  portion  of  this 
section  bears  the  same  relation  to  the  whole  that  the  permeable  length 
of  borings  bears  to  the  whole  length  of  borings,  this  permeable  section 
would  be  7  960  sq.  ft.,  or  40%  of  the  20  000  used  in  the  calculations. 

It  must  be  remembered  that  under  a  given  head  the  same  amount  of 
water  will  pass  through  10  sq.  ft.  of  sand,  5  ft.  thick,  as  will  pass  through 
100  sq.  ft.,  50  ft.  thick.  A  thin  diaphragm  with  a  moderate  number  of 
holes  placed  in  a  large  bed  of  sand  would  have  comparatively  little 
effect  in  reducing  the  flow  through  that  sand ;  a  thick  diaphragm  with 
the  same  area  of  holes  would  have  a  much  greater  effect.  All  the 
water  which  it  is  estimated  would  pass  through  this  bed  of  sand,  of 
20  000  sq.  ft.  cross-section,  2  500  ft.  long,  would  flow  through  a  single 
orifice  of  less  than  0.6  sq.  ft.  section  in  a  thin  plate.  The  actual 
thickness  of  the  core-wall  proposed  for  the  Commission's  dam,  mea- 
sured from  out  to  out  of  sealing  of  cylinders,  does  not  exceed  20  ft. ; 
openings  aggregating  160  sq.  ft.  of  section,  and  filled  with  the  same 
permeable  material  that  is  found  under  the  river,  would  pass  as  much 
water  as  the  whole  20  000  sq.  ft.,  2  500  ft.  long.  The  total  length  of 
joints  between  caissons,  below  tide  water,  is  1  430  ft.,  and,  as  the 
cylinders  have  to  be  jointed  to  both  caissons,  the  total  length  of  joint 
is  2  860  ft. 

Mr.  Burr  proposes  to  reduce  his  head  for  the  pneumatic  work  by 
lowering  the  surface  of  the  water  from  30  to  40  ft.  around  the  caissons, 
which  he  believes  could  be  done  with  reasonable  pump  capacity.  If 
this  can  be  done,  it  is  the  best  possible  evidence  that  the  seepage 
will  not  be  serious.  To  reduce  the  water  pressure,  it  is  not  only 
necessary  to  lower  the  water  immediately  around  the  caisson,  but  to 
take  out  enough  water  to  reduce  the  head  of  saturation  by  30  or  40  ft. 
Unless  this  is  done,  although  the  surface  of  the  water  may  be 
lowered,  the  head  of  water  against  which  atmospheric  pressure  must 
be  provided  will  not  be  reduced.  While  the  area  of  percolation 
immediately  surrounding  the  pit  would  be  small,  it  would  increase 
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